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ABSTRACT

The drinking suitability of water collected fromvem different sources (borehole and dug
out wells) in Aboabo and Pataase in the Amansidr@eistrict of the Ashanti region of
Ghana were investigated by determining the mictajiality and some physicochemical
parameters using standard analytical techniques Tfédsults of physicochemical
parameters (pH, temperature, turbidity, condugtjvatikalinity, and amount of oxygen)
revealed varying concentration in relation to reeghistandards. Mean conductivity ranged
from 68.36uS/cm to 581.22S/em, with most of the other parameters measurieditbe
standard permissible range of WHO and Ghana StdsdaH was slightly acidic and
below the WHO permissible range. All the hand-duellsvand boreholes with the
exception of borehole BHA2 showed evidence of faegatamination. The counts of the
total coliform, faecal coliform and th. coli differed significantly (p = 0.005) between
the various water sources sampled. It is imperdtiom this study that water from the
various sources should be treated before drinkmadso monitored regularly in order to
put in measures to reduce or identified pollutiodicators and pathogens that may pose
some dangers to the health of people living in énes.
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CHAPTER ONE

INTRODUCTION

Water with its unique physical and chemical chamastics in the liquid state is
indispensable for the continued existence of mestg organisms and in adult humans,
forms up to 70% of the bodyweight. It is needed tfee preservation of good living;
however, this esteemed asset jis progressively beewlitated by different human
activities combined with anthropogenic developn@erd in this way the need for safe and
quality water is of prime relevance for drinkingsidential purposes and financial exploits.
Considering its value, the availability and quatfywater especially drinking water is very
critical for the overall socio-economic developmehany society and, should engage the
attention of individuals, groups, government andn-governmental organizations
(Adetunde and Glover, 2010).

Unfortunately, for many countries in the world imding Ghana a large proportion of its
citizenry do not have access to potable drinkingeweOnly nineteen percent (19%) of
Ghanaians have potable water connected to theiebdmom the Ghana Water Company
Limited (GWCL), the main service provider in Ghamhile the others obtain water from
alternative sources such. as protected and unpeodteaglls, rivers, streams etc. (MDGs
Africa, 2008). Water from the GWCL or municipal wats treated according to standards
to provide public health benefits such as preventd water borne diseases; however,
water from other avenues including hand-dug weils laoreholes are generally managed

by the communities or the owners without any mamtpin terms of its quality.

Although quality of source water is very importaihtdoes not necessarily translate into

full health benefits if other precautions relattngransportation from source to household,



storage and sanitation/hygiene are not regardedm@stant. Water quality can deteriorate

during the course of collection, transport and hatoeage (Oswaldt al., 2007)

Water is an environment for many microorganismsjesof which include both pathogenic
organisms such as bacteria, viruses, protozoarts,wamms which cause diseases in
humans. Disease causing microbes such as thosmdyabe associated with diarrhoea-
related iliness cholera are normally'come from husn@ick and Field, 2004) and other
contaminated sources of water for consumption.adiund the world, bad quality of
drinking water combined with poor sanitation kitist less than 1.6 million kids below five
years old annually with 84% of them dwelling in poegions (WHO and UNICEF, 2006).
High pervasiveness of the watery stools or dysgrstong children and newborns can be
ascribed to the utilization of untreated water antealthy activities (Oladipet al., 2009;

Tortoraet al., 2002)

Previously, most of the rural communities did refyrivers and streams and in rare cases
wells, as their-main source of drinking water, nafievhich guarantees potable water.
Surface water resources thus constituted the bégisistence for a majority of rural and
some town dwellersin West Africa (Edwards, 198R)wever, following the deterioration

in quality of surface water resources such as sivend streams, resulting from
anthropogenic activities including mining, defoeg&in, agricultural production and the
discharge of harmful sewage and effluent into tlagewbodies, bore holes and hand-dug
wells have become the most commonly preferred wsbeirces. The inclination for

groundwater as a wellspring of potable water pegians is as a result of its moderately



preferable quality over river and stream water. doesv, these groundwater resources may
be polluted from different sources and are as thedatened by the unsafe means of getting
rid of untreated fecal matter and refuse into waddies, in light of the absence of sufficient
waste treatment installations (WRC, 2000), andrtefective administrative system used
in collection and disposal of household, urbaniaddstrial garbage which make their way
into the aquatic ecosystem, and additionally fraesintegration of stream catchments as
an aftereffect of clearing land for crop cultivagnimber and woodlots, and mining (WRC,
2000). These pollutants/residues could potentrafch groundwater (Obiri-Danst al.,
2010) by infiltration into the aquifers; the indisninate use of agrochemicals for example,
have been implicated in the amassing of levels heagtals in cultivated soils and
pollution of both rivers and underground water fatzt al., 2010). The afore mentioned
causes have contributed to the increasing levetisglases transmitted through contact
with contaminated water such as typhoid fever dmolera encountered mostly in the
under-developed and the developing world (Edwal@$,3). In 2010 the WHO/UNICEF
Joint Monitoring Programme indicated that nearlyilBon people are without enhanced
public health-and nearly one billion individualghaaccess to well-sourced potable water

and this situation:is undesirable (WHO/UNICEF,. 2010

Mining activities, generally gold mining operatiortan have negative impacts on both
society and the environment especially water bodiesh activities that affect water
quality include the disposal of waste rock, taifirtgpposition, and effluent discharges from
different stages of mineral processing (Dick aneld;i2004). Effluent produced from

waste rock dumps for example, has a potential tise#\cid Mine Drainage (AMD) into



stream and river waters. Gold mining operationshzare negative impacts on both society

and the environment (Koryak997; Ayedemet al., 2007).

Uncontrolled mining operations could heavily paduhe environments with consequent
destruction of the ecosystem that affect speciegivérsity. Gold mining on the medium
and small level is presently considered to contebabout 12% of the world‘s gold
production or nearly 400 tons annually (Telmer &fglga, 2008). These small-scale
mining activities are on the increase in Ghana wjibrations usually located close to and
supported by water bodies. The miners generallyugigiver channels, banks and their
floodplains as well as surface trenching, to recdlie precious stones and these cause

serious environmental and health challenges.

Pollution of water resources arising from the iase in various anthropogenic activities
along river courses and the disturbances of thesystem especially in developing
countries, may contaminate both groundwater an@seiwater resources. This makes it
imperative for regular monitoring of water qualigspecially for drinking and domestic
purposes for appropriate management choices forowirgg or protecting the quality for

its intended uses.

1.1 Justification

Water resources are subject to ever-growing deraaddncreasing pollution pressures for
human consumption and for other domestic useseliba@ways an ever increasing use of
groundwater by rural and peri-urban inhabitantstreated water sources are lacking for
such communities coupled with the destructionwéns and streams which were important

traditional sources of water. The communities ofbAlbo and Pataase in the Amansie



Central district of the Ashanti Region have no dtad treated pipe borne water supply
systems, thus the communities depend entirely ad-dag wells and boreholes solely for
water. Despite the provision of boreholes a seabbtihe people of Pataase and Aboabo
especially, still depend mainly on the hand-dugl agla primary source of potable water

and also for other domestic purposes.

These alternative sources are to a large exterdsexpto contaminants such as bacteria,
viruses, metals, nitrate and salts which could ntakewater not good for drinking and
domestic chores. Thus the quality of such soucefien very variable and they frequently
show gross faecal contamination especially duréigyrseasons (Barregt al., 2000) as

a result of unhygienic sanitary practices, indsonate dumping of waste and subsequent
pollution of water enhancing the infiltration ofrinaful organisms and compounds into the
groundwater. Such alternative water sources ardicpamenities situated within the
catchment area of the home, necessitating colteaal carrying from the source of water
supply and consequent storing of water in the hémee providing further chances of
contamination. The quality of water accessed f@rigasonsequently an important public

health gauge (Trevedt al., 2005; Gundret al., 2004).

Considering the indiscriminate disposal of wastentans and livestock), as well as the
illegal mining activities which disturbs the geojognd also renders the main stream on
which some of the inhabitants of Aboabo and Patdapend polluted, contamination of

underground water is possible in the area. Sinienmation about suitability of drinking

water sourced underground in the area is lackimg need therefore arises to frequently



check the quality of such drinking water sourcesriter to provide measures to moderate
the occurrence of water related diseases. Thusttildgy sought to determine the potability
of hand-dug wells and borehole water sources wiffioabo and Pataase communities in

the Amansie Central District of Ashanti region.

1.2 Objective
The aim of the study is to determine.the suitapoftdrinking water from various sources
(hand-dug wells and bore-holes) and at the pointusg in the Aboabo and Pataase

communities in the Amansie Central District of Astiaegion.

1.2.1 Specific Objectives

These are to determine the;

i. physicochemical parameters such as pH, Totasdved Solids, Electrical
Conductivity, Turbidity, Total hardness, Nitratduérides and Nitrite content of

water from boreholes and hand-dug wells.

il. presence and counts of Total and Faecal cofifoandE coli in the water from

boreholes and hand-dug.wells.

iii. microbial quality of ready-to-drink water ireceptacles in selected households



CHAPTER TWO

LITERATURE REVIEW
2.1 Water Resources
A lot of water is stored up in the ground. A lagg@tion of underground water originates
from rainfall that percolates from the face of th@und. The water moves, normally
pulsating, but this forms a portion of the hydraéad cyele. The topmost stratum of the
earth constitutes the region with [differing.quaegtof water availability which does not
yet fully occupy soil interstice, known as the unsated zone. Beneath this stratum is
found the saturated zone or layer, that has watgexl sandy particles occurring between
majority of pores, breaks, and interstices (Katal., 2004) which forms the basis of
groundwater. Globally, fresh ground water consgiuabout 10,530,000 Knby volume

out of a total of about one billion Ki(iTable 1).

Table 1: Estimate of Global water distribution

% cent of ent of total
|
i : -~ freshwater

kilometers
Fresh
2,526,000 10,530,000 0.8% 30.1%
groundwater

Groundwater 5,614,000 23,400,000 1.7% --

Total global
332,500,000 1,386,000,00C -- --
water

Source: (Gleick, 1996).



As a nation Ghana is well supplied with groundwated Perennial Rivers, even though
occasional deficiencies do occur often. The mealyerecipitation varies from 2,150
mm in the farther southwest section of the natietreasing gradually eastwards and
northwards to 800 mm in the southeast and aroud@DInm in the upper east of the nation
(WRC, 2000).

The country is supplied with water by three majoenine bodies; the Volta, the south-
western and the coastline river basin systems.ergstems cover 70, 22 and 8 percent of
the entire land mass of Ghana respectively (WROPRMNeighboring Togo, Mali, Cote
d’lvoire, Benin and Burkina Faso share the VoltaeRibasin with Ghana. The other two
river systems in the south-western system aresilaced with other countries — it shares
the Bia River with Cote d’'lvoire, whereas the lowertions of the Tano River a section
of the Cdte d’'lvoire border. Data available at Water Resources Commission (WRC)
[2000] indicates that the river bodies have a tgtdrly surface water volume of 56.4
billion m3. About 73.7 %, 29.2 % and 6.1 percent of Ghane&ly run-off is supplied by
the Volta, south-western and coastline systemseotisely (Ministry of Works and
Housing, Ghana, 1998). Ground water quality aswess in-Ghana is usually potable
except for some oceurrence of limited contaminabgriarge concentrations of iron and
arsenic, in addition te high contaminations witmarals including total dissolved solids,

particularly in some coastline geological forms.R@/ 2000).

2.2 Surface Water
Surface waters comprise of lakes (including pondsjervoirs, streams, rivers and

wetlands which our entire existence have dependnohprofited from one generation to



another. River bodies are significant freshwatsouvece for human beings (WHO, 2004a).
However water quality issues have increased overydars in light of the expanded

development and convergence of human and induseiiéments (WHO, 2004a).

The country’s water assets have come under intengifisk of contamination in the past
few years because of fast anthropogenic changeés h@k concurrently occurred with the
formation of human settlements [deficient of propenitation facilities. Numerous such
settlements have been created with no appropriatervgupply and sanitation systems.
Individuals living in these places, and in addittornthose downstream, regularly use the
polluted surface water for drinking, entertainmand as plant watering system that brings
about circumstances that represents a genuin@sanitianger to the general population
(Verma and Srivastava, 1990). Contaminated watestitates an imperative vehicle for
spreading pathegenic organisms. In under-developédns 1.8 million individuals with
majority being children suffer grave consequencesvater-related sicknesses (WHO,
2004a).

Some factors-impact the chemical nature of watdrbs; (1970) hypothesized that rock
weathering, atmospheric precipitation, evaporatenmd crystallization regulate the
chemical nature of surface water. The effect oflggpon biochemical nature of water
been well studied (Gibbs, 1970; Langmuir, 1997 t&eand Birkett, 1999). The impact of
soils on water quality is extremely complicated @ad be attributed to the mechanisms
controlling the reaction of chemicals between tdiment and water (Hesterberg, 1998).
Aside the common factors affecting water qualitymian activities, for example,

residential and farming activities affect adversshgam water quality. Consequently, it is



imperative to conduct water quality appraisalsviable management of rivers, ponds and

lakes.

2.3 Groundwater Development

Water contained in the pores of soil or in aquifersalled groundwater (Appelo and
Postma, 1993). Groundwater as defined by Falken(2&d5) is the water confined below
the earth crust in rocks and sail; and is the wihitgrcoltects underground in aquifers. The
constitution of freshwater in‘the biosphere.is magef 97 percent groundwater and this
forms a significant source of drinking water inca of habitats (Falkenmark, 2005). In
various parts of the globe, groundwater source® file absolutely essential resource for
the provision of domestic-water for drinking, espég in zones having restricted or
contaminated sources of surface water. For somepgrat might be the main financially
practical alternative. This observation accordimdralkenmark (2005) is partially true as
groundwater is characteristically quite stabletanghysical quality and lower microbial

numbers than surface waters.

The quality of ground water, mainly shallow groumdter, is fluctuating due to human
activities. According to Appelo and Postma (1998)derground water to a lesser extent is
vulnerable to micrebial contamination than rivedatream water in light of the fact that,
the majority of the microscopic organisms are Sievgthe sediments and rocks via which
ground water emanates. Moreover, aquifers are émtyuvery much secured by layers of
soil and silt, which adequately screen water gglitneates through them, resulting in the
elimination of particles, disease causing microoig@s and chemical constituents.

Numerous microscopic dissolved ions and debris fimng organisms are found in
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ground water in different amounts. Majority areannous or even gainful; however they

occur rarely, others are harmful, and a couple begrofoundly toxic.

2.3.1 Groundwater Recharge

The potential for characteristic groundwater resion starts with precipitation
(downpour, snow, hail, slush). A portion of the @péation never saturates the soill,
however it rather leaves the soil as surface s@hoTherwater that saturates the earth is
by percolation. A portion of the water that'pengfsareturns to the biosphere through
evapotranspiration. Evapotranspiration implies ltss water into the atmosphere from
cultivated regions by dissipation from the soil guidnt surfaces and soil water that is
absorbed by plant roots and lost through plantdear spines. Deep percolated water that
does not came back to the environment by evapgiration moves descends into soil
and, after collecting in the saturated zone, gelsetground water (Figure 1). The water in
the ground could be in a parent rock material thatither an aquifer or non-aquifer,
contingent upon whether it can yield substantiabants to wells (Charlest al., 1993).
Notwithstanding being a source water for wells,ugidwater can likewise serve as base
supply to streams, wetlands, and other water bpsigexifically influencing the nature and

geomorphology of these assets.
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Figure 1: Groundwater Recharge in the Hydrologic Cyle

The feasibly negative effects of land use in am are groundwater refill have long been
known. Development of land for human activities tthmotect porous soils with
impenetrable surfaces lessens the soil's penatsakifirough adverse impact and
irreversible hardening may decrease the rate afrghowater restoration. Such depletions
in groundwater stores can negatively affect stream#iands, and other water bodies by
decreasing the volume and rate of base supplyclorgsources. Decreases in groundwater

restoration to aquifers could likewise negativefeet the refill of water resource in wells.

2.3.2 Groundwater Supplies
Groundwater is defined as water contained in thregof soil or in aquifers (Appelo and
Postma, 1993). About 97 percent of worldwide frestaw is groundwater and is an

essential wellspring of quality water in severagals of the world (Falkenmark, 2005). In
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some regions of the biosphere groundwater resasnao@ the absolute most vital source
for the generation of drinkable water, especiallplaces with constrained or contaminated
surface water resources. For some societies ittniglthe main monetarily reasonable
choice. This as indicated by Falkenmark (2005)ithie a limited extent in light of the fact
that groundwater is ordinarily of a better steadure with preferred bacterial quality over
river water and is an essential wellspring of sengwater numerous areas of the world
(Falkenmark, 2005). For same groups this kind“ofewanight be the main monetarily
reasonable choice. This as indicated by Falkenif2@®5) is to a limited extent in light of
the fact that groundwater is ordinarily of a moteasly quality and preferred microbial
quality over surface waters. Another name for gcbwater is the 'shrouded ocean' —as a
result of its vast quantity, and concealed in lighthe fact that it is not seen or accounted
for, in this manner contamination pathways and @doces are not promptly identifiable
(Chapman, 1992). The situation lays bare a keissthe utilization of aquifers as potable
water sources, where specific consideration is eepleto identify whether the general
presumption of groundwater being potable is legiten in individual situations.
Groundwater frequently requires next to zero treainto be suitable for drinking though
surface waters for the most part should be deailt, wegularly broadly. It is essential in
this manner that the nature of groundwater is extsiirgeneral quality or desired nature is
not to be traded off. Whilst there is an extenswkime of groundwater in this 'concealed
ocean', getting to it requires burrowing or borthgough the ground and into an aquifer.
Its renewal however happens gradually — at ratesuating between areas in this manner

overused or misused can promptly happen, carryittgitvextra quality deliberations.
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2.3.2.1 Boreholes (Tube wells)

A borehole is a tight tube burrowed in the ground eould be used for some purposes in
various explorations, boreholes can be used fatedgction, auxiliary bolster, geography
examinations, water for plant watering system, waiedrinking and additionally water

for fire stations.

Water boreholes can meet a wide.range of needsveniee most well-known borehole
systems are for residential/industrial” purposese@apy drinking and domestic. They
could likewise be utilized for cultivation and irstdal purposes. Boreholes can be
burrowed vertically or on a perpendicular planehéoivise called directional boring),
boring for water requires vertical borehole borgzgigets. There are likewise a wide range
of sorts of water drill opening boring machinesef#éis the rotational boring where a long
tube with a cutting head on it is "penetrated" itite earth crust. This is predominantly
utilized if the topography is very well examinedtas penetrating procedure is very quick.
There is in like manner the most generally peraglarrowing framework which has been
used for more than 100 hundred years. This incatpera tripod being raised over the
borehole burrowing site and a significant long rhbetacket is lifted and dropped to the
ground, when lifted up a fold then closes and wimencan is lifted up, conveys the earth
up with it. This is the safest method for drillimgater in different explorative situations.
The drag driller has to mull over the differentkgdayers and profiles being infiltrated to

a high point to ensure there is a functioning wetél hole.

14



2.3.2.2 Dug Wells

Dug wells are burrows in the ground tunneled bypaar escavator. Obviously, a dug well
is dig out beneath the groundwater level till itgeearer water above the digger's shielding
rate. The well is consequently reinforced on tisédi@ with stones piece, tile, or cementing
materials to avert any breakdown. It also furtle®used with a top of wood, stone, or bond.
Since digging beneath the ground water table isebon tedious, dug wells are not very
common. Normally, dug wells are between 10 t0,&0 é=ep from top to bottom. Being
so shallow, tunneled wells have the most shockerd pf getting fouled especially those

in polluted circumstances.

2.3.2.3 Springs

A spring is a water asset sourced when the edgestwipe, a valley base or other sections
meets a streaming assemblage of groundwater aneath the neighborhood underground
surface below which the ground is wholly saturatétl water. A spring is the consequence
of an underground layer yielding ground water béifigd to the extent that the water
floods the area surface. They run-in size fromahfouous leaks, which stream when
much rain, to tremendous pools streaming a hugeéeuof gallons every day. Springs are
not constrained to the Earth's surface, howeverofAlste, researchers have found hot
springs at profundities of up to 2.5 kilometerdhe seas, for the most part along mid-sea
fractures (spreading edges). The boiling hot wéteore than 300 degrees Celsius)
originating from these springs is additionally richminerals and sulfur, which brings
about a special environment where unordinary artthrodish sea-going life appears to

flourish.
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2.4 Factors that affect the Quality of Water

Water quality is characterized with regards to fieysical, organic and chemical
substances in water. The quality of streams areslaries with the period and geographic
ranges, notwithstanding when there is no contamoingtresent. Just one indicator is
enough to measure and establish potable naturatefwCase in point, water suitable for
drinking can utilized for watering system, howeweater utilized for watering system may
not meet drinking water rules. Water quality ruifsge essential investigative data about
water quality parameters and biologically importemicological limit qualities to secure
particular water employments (APHA, 1992).

Another factor that affects water quality is theface water from developed settlements.
The surface water contains eroded materials frastreets and convey them to another
river or stream. Settlement run-off affects theldyaf water in streams and ponds by
raising the levels of foreign materials such asnahiexcreta (faecal coliform and other
pathogens), soil particles, nutrients like phosphar nitrogen, petroleum products, and
gravels. Manufacturing, farming, mineral exploratias well as cultivation practices also
considerably-impact the nature of streams, groutetwand ponds. For instance,
agricultural activity can intensify the levels afispended soil particles, nutrients and
pesticides. Manufacturing practices can upsurgelsesf suspended soil particles, toxic
and metal compounds, ambient kinetic energy, acdedse the amount of oxygen in the
water body. Every one of these occurrences can aaletrimental effect on the aquatic
ecosystem as well as make water undesirable faildesuses (Oregon Department of

Environmental Quality, 2004).
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2.4.1 Natural processes affecting Water Quality

Water quality is influenced by an extensive var@tgatural and human impacts. The most
imperative of the regular impacts are geographtoadrological and climatic, since they
influence the amount and the nature of water addes3 heir impact is for the most part
most prominent when accessible water amounts wratal greatest use must made of the
insufficient asset; for instance, high saltinesa ontinuous issue in dry and beach front
zones. In the event that the budgetary and econassgets are accessible, seawater or saline
groundwater can be desalinated yet much of the tiisels not sustainable. In this way,
despite the fact that water may accessible infaat®y amounts, its inadmissible quality
restricts the uses that can made of it. In spitdeffact that the normal environment is in
consonance with characteristic water quality, astgworthy changes to water quality will

for the most part be troublesome to the biologsyatem (Meybeck and Helmer, 1996).

2.4.2 Water Pollutants and Control

Control of water contamination has come to pringmigicance in developed and various
emerging nations. The counteractive action of gomiation at source, the preliminary
standard and the former permitting of wastewat&zases by economic and industrial
giants have ended. up contributing to key componeftsmeaningful approaches for
avoiding, checking and lessening inputs of toxioteats, supplements and other toxins
from point sources into water bodies. In variougaliegped nations, and in addition a few
nations experiencing significant change, it hashed the level that basic practices as far
as possible for releases of dangerous substancetheomone with best accessible
innovation. Such hazardous water poisons fuse rats¢hat are deadly at lessened levels,

mutagenic and tumor inducing, teratogenic as weltan be bioaccumulated, especially
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when they are not easily broken down. Remembehagthe final objective is to reduce
levels of nitrogen, phosphorus, and pesticides lwhie of diffuse sources (particularly
countryside areas) to river basins, natural halbiak cultivating activists in a number of
countries are agitating for the need to use mastgpent biological activities (Enderlein,
1996). In a few circumstances, significantly seigbrerequisites are vital. An incomplete
restriction on the utilization of a few chemicalautright forbiddance of the importattion,
generation and utilization of specific'substan@@sexample, or mercury-based pesticides,
DDT and lead, may comprise the best way to ensureh wellbeing, the nature of waters
and their oceanic verdure (counting fish for huraghization) and other particular water
utilizes (ECLAC, 1989; UNECE, 1992; United Natiori994). Other water toxins that
may end up becoming greatly lethal in high amowastst may, are required in minute
guantities. Phosphorus, manganese, zinc, coppdrand, for instance, can be poisonous
or might some way or another unfavorably influeacgphibian life when present above
specific amounts, despite the fact that their presen low quantities is crucial to bolster
and keep up nature of oceanic biological commusiitiehe same is valid for specific
components-for. drinking water. Selenium, for insgnis good for the human body
however it gets ta be destructive or even poisondien its levels surpasses a determined
amount. The levels above which water poisons anfatically influence a specific water
use may contrast generally. Water quality standacdenmunicated as water quality
criteria and goals, are use-specific or are foctis¢le security of the most vulnerable use
of water among various existing or purposed usesral an area. Water pollutants can be

grouped into various categories and these incloeéailowing;

18



i. Biodegradable waste which comprises for the mastgf human and animal waste. At
the point when biodegradable waste enters a wapgl\g the waste incorporates a vitality
source (natural carbon) for microorganisms. Nataeabon is transformed into carbon
dioxide and water, which can bring about air conteation and corrosive rain; this type of
contamination is much more far reaching and hazexdioan different types of poisons,
for example, radioactive waste. On the chancetliet is a vast supply of natural matter
in the water, oxygen-expending (high-impact) mica@c organisms increase rapidly,

devour all accessible oxygen, and destroy all abighilife.

ii. Plant supplements, for example, phosphates arales{ enter the water through sewage,
and animal and artificial manure overflow. Phospbaind nitrates are likewise found in
mechanical wastes. In spite of the fact that therssmicals are regular, 80 percent of
nitrates and 75 percent of phosphates in-watehamnean-produced. At the point when
there is a lot of nitrogen or phosphorus in a watgply (0.3 sections for each million for
nitrogen and 0.01 sections for every million foopphorus), green microbes growth start
to proliferate. At the point when green growth eeses tremendously, the water can turn
green and overcast, look vile, and noxious. Weestsnbto develop and microscopic
organisms spread. Breaking down plants use upstfigea in the water, disturbing the
amphibian life, diminishing biodiversity, and nothstanding destroying sea life. This
procedure, called eutrophication, is a charactegpsbcedure, yet for the most part happens
over a large number of years. Eutrophication peraiiake to age and turn out to be more
supplement rich; without supplement contaminatittis may take 10,000 years, yet

contamination can make the procedure happen 10@@® times quicker.
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iii. Sediments standout amongst the most widely rezedniorigins of water

contamination. Soil residue comprises of mineralatural matter that is washed or blown
from one area into water sources. Sediment conttinmis hard to recognize, in light of
the fact that it originates from non-point sourdes,example, development, agricultural
and domesticated animals operations, logging, flapdand effluent spillover. Every year,
water sources in the United States are dirtied lmyenthan one billion tons of silt.

Sediments can bring about substantial issues, @mnitstop up civil water frameworks,
destroy amphibian life, and cause water to be pssjvely turbid. Again, turbid water can
bring about heat contamination, in light of thetfdwat turbid water takes in more of the

Sun’s radiation.

iv. Toxic and lethal chemicals are typically human-materials that are not utilized or
discarded " legitimately. Point origins of such sahse contamination include
manufacturing effluents and oil spillage. Non-poamigins of chemical contamination

include spillover from under-construction streatd gesticide overflow.

v. Radioactive contaminants include wastewater ree&®m processing plants, health
facilities and uranium extraction sites. These riexican likewise originate from
characteristic isotepes, for example, radon. Radieapoisons can be perilous, and it may
take numerous years until radioactive substaneea@more regarded as unsafe (Oregon

Department of Environmental Quality, 2004)

2.5 Overview of Access to Potable Water
Potable water is difficult to create provided ahceivable obstructions from the earth and

artificial hindrances are present. Potable watezsdoot contain pathogens, hazardous
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synthetic materials, and also, substances thatdreactive in nature, and it is free from
foreign colour or scent. The rules for potable wajeality indicate criteria points for
materials that may be present and portray conditibat influence drinking water quality.
The main cause of poor water quality is elicitedhiopnan impacts. Poor water quality is
the reason why many people need filtration indfialtesystems to be able to feel safe about
their drinking water. Municipal water is deemedeshfit still has chlorine and traces of
heavy metals. Drinking plenty of water is importand for better health it is even more
important that the water being drunk is purifiedeva

According to WHO (2004b), the number of people vdimb not have access to improved
water supply in 2002 and those who endured watete@® diseases caused by
contamination were 1.1 billion and 2.3 billion, pestively. Each year, diarrhea-related
diseases account for an average of 1.8 milliorslivith 90% of these deaths being children
under five years (WHO, 2004b). Next to this, dissathat water-borne prevent people
from living and working actively and sound.

All-important for the well-being of all people isdroughly safe and potable drinking water
quality. In Ghana, as well as many other like-caestaround the world, some drinking
water supplies have become fouled and this hasksthe health and economic status of
many nations (Akoto-and Adiyah, 2007). Potable whses turned a scarce product due to
pollution and over exploitation. Insufficiency amdsapplication of water that is drinkable
throw severe and growing threat to sustainable Idpugent and protection of the
environment. The health of humans and their welfdmod security, industrial

development and ecosystems are all at risk. Exeph water and land resources are
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managed more effectively in the present time arybihe than they have been in the past
(ICWE, 1992), these threats would remain majorlehge.

Potable water is an indispensable treasured resdhat is requisite for nourishing life.
Water is a necessity in all facets of life. The maiim is to ensure there is sufficient supply
of water of good quality to all people whiles pmeseg adequate amount9 and quality of
water flow to sustain crucial functions of ecosyste(Bruntland, 1987). In various
developing countries, the availahility of potableter has become a critical and urgent
problem and it is a matter of concern to the comtresithat depend on non-public water

supply system.

Conformation with drinking water quality requirenteis of exceptional interest because
of its capability to spread infections within adarhuman population. Although the
requirements vary from one setting to another, doal anywhere is to decrease the
possibility of spreading water borne diseases t Hharest level in addition to being
enjoyable to drink, which implies that it must keEalthy and potable in all respects (Edema

et al., 2001).

2.6 Water Quality and Monitoring

Water quality checking is characterized as the @aBpg and investigation of water

conditions and components. They-may comprise: effilcontamination, for example,

metals, pesticides, and oil constituents if discesteactually in rivers may by and by be
caused by anthropogenic sources, for example, ldextoxygen, microscopic organisms,
and supplements (DFID, 1999). The extent of thpact can be affected by properties
for example temperature and pH. For instance, teatye affects the amount of dissolved

diatomic oxygen that water can to carry, and pHugrices the injuriousness of ammonia.
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The nature of every river, stream or lake is deteeshby the amount of metal concentrated
and physicochemical properties. The determinatigrhgsicochemical attributes of a river
or stream is key for both long term impact andflagsessment of its quality (Tuzenal.,
2002). Lakes, waterways and streams have critiadti m utilization segments, for
example, they serve as the origins of potable walant watering system, fishery and
power generation (Iscest al.,2008). Water is an uncommon and diminishing resgurc
and its management can have an impact on the saedrhe nature of other water bodies
(Prat and Munne, 2000). Growing human populacejdtréal development, escalated rural
activities and releases of huge measure of efftugnd the waterways and streams have
brought about decline of water quality (Herschy99)9 Possible impact of these human
activities has broad implications to the point fliata vast degree the water bodies have
lost their self-cleansing limit (Soget al.,2008). Lotic and lentic biological systems have
been utilized for examination of components, regudpthe conveyance and plenitude of
oceanic living beings. The physical and synthetiicaites of water bodies influence the
species abundance, plenitude, profitability andcfimmal states of aquatic life forms

(Bagenal, 1978).

2.7 Regulatory Standards.for Drinking Water

With regards to the Safe Drinking Water Act (SDW#)1974, EPA provides legislation
on limits concerning the amount of certain foreigaterials in water for drinking. As far
as possible mandatory frameworks reflect both Eetleht ensures human wellbeing and
limits that water frameworks can accomplish utiigzthe best accessible innovation. Other
than recommending these legitimate breaking pokfR#\ principles set water evaluation

calendars and strategies that water frameworks talesy after. Tenets additionally list
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satisfactory methods for treating polluted watdére BDWA provides individual levels and
limits the chance to set and uphold particular Ipletavater measures provided the
benchmarks are in any event as solid as EPA'sna&fpinciples. A majority of states and

regions specifically regulate the water framewonissde of their fringes.

2.8 The National Water Policy

The country water approach, of (Ghana is plannediie g structure for manageable
advancement of Ghana's water assets. This focusa$f water clients, water managers
and specialists, speculators, leaders and poliayagexrs within the focal Governmental
and decentralized organizations, non-Governmentdo@ations and international
Agencies. This policy also identifies the differemoss-sectorial matters associated with
water use and the links to other relevant sectqadicies such as those on sanitation,
agriculture, transport, energy etc. The nationdicgas structured into three sectors:
Segment 1 introduces the diagram of the countrgtemdivision covering the condition of
assets and administration foundations, advancemestls, universal commitments,
expansive codes prompting Initiative making. Sect® determines the imperative
approach issues joined with the fundamental staisckamd difficulties testing water assets
administration change and use in the vegetatioegzovater assets administration, urban
water supply, and communal water and sanitatiognféat 3 shapes recommendations and
tenets for executing the approach including; zopaits and obligations, models,

regulations, descriptions and bibliography (Natiovater Policy, 2007)
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2.9 Parameters used to assess Water Quality

The dramatic global industrialization, agricultunachanization with modern agricultural
practices, expansion of chemical industries anddrdpvelopment of cheap sources of
energy variety had brought about stress on theystmrs (Kelleret al.,2002, Quilbeet al.,
2004). The complexity and distribution of metals time environment has changed
continuously since their routine adoption into hunsaciety. A number of metals cobalt
(Co), cupper (Cu), molybdenum (Me), manganese (Mai, (Fe) and zinc (Zn) are vital
micronutrients in green plants at very low concatndns (Spear, 1981, Scheinberg, 1991).
Some of these metals (Cu, Zn) are potential totdmaany biological systems at elevated
concentrations and some others (Pb, Cd) have nwrkiphysiological relevance at all
concentrations except the detrimental health efféciproduce on many living things
(Amdur et al., 1991, Abdus-Salam and Adekola, 2005). Pb, Zn, @d,Gu are common
pollutants of the water environment. Their sour@gs essentially natural through
geological modification (dissolution from earth stuearthquake) or anthropogenic
through atmospheric deposition, industrial and dsimeewage, run-off from mechanized
agricultural field-and chemical wastes discharged bodies of water (Fatokt al.,2002,
Olajire and Imeokparia, 2000). Water is an essergguirement of human and industrial
developments and it-is used directly or indireétlymany industrial processes in large
quantities. Taking cognizance of the various preessand activities that could possibly
influence the quality of water some specific parsreare measured to determine water
quality and to ensure that certain use-specifind#eds are met to protect human health

among others.
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2.9.1 Physicochemical Parameters
There are quite a number of physical charactesistiuch are used to determine the quality
of water to determine how fit it is for use in vars domestic and industrial applications.

Some of these parameters include:

2.9.1.1 Temperature

Natural and chemical proceSses accur at specige epending on temperature. Each and
every marine animal, from microorganisms-to fisé dependent on positive temperature
ranges for their optimal wellbeing. For instance thest temperatures for survival of
different species of fish: some endure best in Eacti every marine animal, from
microorganisms to fish are dependent on positiveperature ranges for their optimal
wellbeing water with low temperatures, while someiaclined toward water with higher
temperature. Small animals dwelling at the basevefs are likewise delicate with regards
to changes in temperature and will travel in théewaolumn to locate ideal temperature
(Amdur et al., 1991, Abdus-Salam and Adekola, 2005). When temperaitare beyond
this optimal range for an extended span of timgaisms could be under stress resulting
in death. The temperature of water is measureddgnezs Fahrenheit (F) or degrees Celsius
(°C) using a thermometer. Temperature impacts &esore of soluble oxygen in the water
(oxygen levels get to be lower as temperature )igbs metabolic rates of benthic life
forms; the rate of natural matter blend by marila{s; and the affectability of creatures
to toxic substances, parasites, and maladies. r@rigi temperature variation include
evacuation of shading stream-bank vegetation, tim@poundments (a waterway limited
by a boundary, for example, a dam), urban watérase of cooling water and groundwater

inflows to the riverine systems (Fatadtial.,2002).
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2.9.1.2 The pH

The pH is a term used to specify the alkalinityoidity of a substance and categorized on
a scale from 1.0 to 14.0. Acidity increases asptiegets lower. pH influences numerous
substances and organic moieties in the water. itance, diverse living beings thrive
inside distinctive scopes of pH. A larger part ofpdibian creatures favor a scope of 6.5-
8.0. pH past this extent diminishes differing qued in the water on the grounds that it
troubles the physiological frameworks of mostilyibeings and could bring about
decreased propagation. Acidic water can likewisegbabout lethal chemicals and
compounds to be mobile and "bioavailable" for uptély oceanic plants and creatures
(Keller et al.,2002, Quilbest al., 2004). This can elicit conditions that are destuecto
marine life, particularly to fragile species likeambow trout. Changes in pH can be brought
on by the air quality (corrosive precipitation),epence of rocks, and certain effluent

releases.

2.9.1.3 Turbidity

Turbidity which is a degree to which water is clel@termines the amount of materials
suspended in water diminish rays of light passimgpugh water. Colloidal materials
include sediment particles (earth, residue, andd)sagreen protoctists, plankton,
microorganisms, and different materials. Such sulzsis are ordinarily in the dimensions
scope of 0.004 mm (mud) to 1.0 mm (sand). The amoiususpended matter in water can
influence the nature of the water. Higher amourfitsuspended matter increases water
temperatures because suspended particles takenegimeomal energy. The direct impact
is reduction in the amount of dissolved oxygen (@jng to the fact that warm water

dissolves less oxygen than cooler water. Increagédlity in effect decreases the amount
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of light passing through the river, pond or strettmareby reducing photosynthesis and the
release of oxygen. Suspended materials can clbgyils, reducing resistance to disease
in fish, lowering growth rates, and affecting egugl darval development. As the particles
settle, they can blanket the stream bottom, esibheamaslower waters, and smother fish

eggs and benthic macro-invertebrates. Sourceslafiity include:

« Soil erosion

« Waste discharge

« Urban runoff

+ Eroding stream banks

« Large numbers of bottom feeders (such as carpihstir up bottom sediments

- Excessive algal growth.

2.9.1.4 Biological.Oxygen Demand (BOD)

The riverine system synthetically forms and utéizeolecular oxygen. It picks up oxygen
from the air and from plants as a consequence atibglinthesis. In lotic water system, in
the light of its eonstant mixing, takes up more @y than lentic water system for instance,
that in a dammed resource. Breathing by amphibmatares, decay, and different
reactions processes expend oxygen. Effluent fromage treatment plants frequently
contains natural materials that are disintegratgednicrobes that make use of oxygen
simultaneously. The measure of oxygen expendetidsetliving beings in disintegrating
the waste is known as the biochemical oxygen depsngly known as BOD. Different
wellsprings of oxygen-devouring waste incorpordters-water overflow from farmland

or urban boulevards, feedlots, and fizzling sefracneworks. The amount of oxygen is
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regarded in its soluble form in water as dissoleggigen (DO). On the off chance that
more oxygen is expended than is created, the anwdudisintegrated oxygen reduce and
some delicate creatures may move away, may be lethadr death may ensue. The
amount of dissolved oxygen vary regularly in a eaaand during the day. They change
with water temperature and elevation from groundase. Cooler water contain more

oxygen than warmer waters, and amount of oxygeoces] with increasing elevation.

Discharge from thermal systems, for.example wageduo cool machinery in an industrial
plant or thermal plant raise the temperature oewand lower its oxygen content. Marine
creatures are most defenseless against decreaseti/dd oxygen levels in the early hours
of summer days when river inflows are low. Wherelak pond temperatures go high,

algae therefore do not release oxygen until sunset.

2.9.1.5 Total Solids

Total solids are broken up solids notwithstanding edded presence suspended and
colloidal particles in water. In stream water, oklown solids include chlorides, calcium,
nitrate, phosphorus, sulfur, iron, and distincipagticles that will use a filter with pores of
around 2 mierons (0.002 cm) in size. Suspended riaktenclude sediments and mud
particulate matter, tiny fish, green algae, fineure materials, and other particulate matter.
These are particles that won't experience a 2-micl@nnel. The amount of aggregated
colloidal particles influences the osmotic gradienthe cells of amphibian creatures. A
living creature put in a river or stream with a lamount of particulate matter, for instance,
treated water, will imbibe water and swell in ligiftthe fact that water has a tendency to

move into more concentration regions (cells), whielre a higher amount of particulate
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matter. This will thus influence the living orgami's capacity to keep up the correct cell
density, making it hard to keep its position in Wter section. It may suspend in or sink
down to a profundity to which it is not adjusteddat won't not survive. Higher amounts
of suspended solids can serve as transporterxiobtavhich easily adhere to suspended
particles. This is especially worrying where pedis are being utilized on irrigating food
crops. In high suspended solid media, pesticidelsanay build well past those of the first
application as in the watering system water goagndiorigation trench. More elevated
amounts of solids can likewise obstruct wateringtesy gadgets and may turn out to be
high to the point that flooded plant roots will éowater as opposed to pick up it (Akoto
and Adiyah, 2007). An increased amount of suspemnakter will render drinking water
not potable or may elicit inimical impact on indluials not acquainted with drinking from
such sources of water. The levels of total solidg are too high or too low can likewise
decrease the proficiency of wastewater treatmeitpl and in addition the operation of
mechanical procedures that utilization crude wai@tal solids additionally influence
water clarity. Increased amount of solids diminite light penetration in water,
subsequently-moderating photosynthesis by algaatitpof water occurs more quickly
and water retains more warmth; thus warming of watay antagonistically influence
oceanic life that has adjusted to a lower tempesai@nges. Industrial effluents, sewage,
manures, street spillover, and soil disintegrafom sources solids found in water. Total

solids are measured in milligrams per liter (mg/L).

30



2.9.1.6 Anions /Cations

As forms of nitrogen containing compounds, nitrage$ound in a number of forms in
terrestrial and aquatic ecosystems. Ammoniad)Niitrites (NQ") and nitrates (N©) are
forms of nitrogen occurring compounds. A nitrateaisalt of nitric acid with an ion
composed of one nitrogen and three oxygen atoms {{NBEsters of nitric acid and various
alcohols are also called nitrates. It is a naturadicurring compound that is formed in the
soil when nitrogen and oxygen comhine. It is higsjuble (dissolves easily) in water and
relatively stable over a wide range of environmeair@umstances. It is easily carried in
streams, rivers and groundwater. Nitrate is a soafautrient for plankton (microscopic
plants and animals that live in water), aquatiaif@aand algae, which are then eaten by

fish.

A nitrite is a salt of nitrous acid (HN{D They are composed of a nitrite ion (M Nitrites

of the alkali and alkaline earth metals can be peced by reacting a mixture of nitrogen
monoxide (NO) and nitrogen dioxide (MOwith a corresponding metal hydroxide
solution, and also by thermal decomposition ofd@esponding nitrate. Other nitrites are
available through the reaction of their correspogdiitrates. Nitrite is relatively short-
lived in water because it is quickly converted lagteria.into nitrate. Nitrate is also broken

down in animal or human intestine to nitrite; whiws a higher toxicity than nitrate.

Small amounts of nitrate-nitrogen or nitrite-nitemg (less than 10 mg/L or 1 mg/L
respectively) in drinking water are normal howevexcessive concentrations can be
hazardous to health, especially for infants andmaat women, nursing mothers, or elderly

people causing a condition called methemoglobineniNitrates are vital plant
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supplements, yet in abundance amounts they cag bbout significant water quality
issues. When combined with phosphates, nitratesv@rabundant concentrations may
quicken eutrophication, triggering growths in algapulation and plant development and
changes in the sorts of plants and creaturestthaetin the river or lake. Thus it influences
temperature, dissolved oxygen and other water tyuatandards. Overabundance of
nitrates can bring about hypoxia (low levels osdised oxygen) and could be dangerous
to homoeothermic creatures at higher levels (1Q_jay/higher) under specific conditions.
The characteristic level of salts of ammonium draté in surface water is regularly low
(under 1 mg/L); in the wastewater treatment plantsn range up to 30 mg/L. Wellsprings
of nitrates include wastewater treatment plantsritavv from prepared gardens and
farmland, defunct septic frameworks, spillover frorganic fertilizer stockpiling regions,

and modern releases that contain organic inhibitors

Fluorine exists naturally in water sources andesgwed from fluorine, which combines
directly with carbon and even xenon, krypton ambrato form fluoride. The ubiquitous
nature of fluoride is introduced into the body asigtegral component of potable water
and food. The gross ingestion of fluoride for aslugt usually within the range of 0.2-2.0
mg of fluoride per day, although greater intakalso common (WHO 1984). Fluoride
improves the precipitation of hydroxyapatite in stances containing calcium and
phosphate (e.g., blood) and considerably it hasemadency to ameliorate the
demineralization of bone and teeth. Fluoride acthydroxyapatite precipitates in bone
and teeth, thus it has the capacity to counteracttadl plaque and different bone

demineralization issues, for example, osteopo@sisperiodontal infection.
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Fluoride may be present in very low concentrationgater usually ranging from less than
0.1 mg/L to more than 20 mg/L (WHO, 1984), but wheraccumulates to higher
concentrations it pose a potential health concelmgestion of excess fluoride in the
drinking water is often found in rural, agriculturgewage areas where it exceeds the
drinking water limit of 40 mg per day and produsesere skeletal deformity. Common
sources of high fluoride occur during weatheringevencirculation of water in rocks and

soils leached fluorine out into,ground water.

Sulphates occur in most natural water in wide raofyeoncentration. High values of
sulphate above 200 mg/l can lead to attack of hiiea especially in new comers to the
high sulphate water supply. In groundwater, theonisj of sulfates are created from the
disintegration of minerals, for example, gypsum anbydrite. Introduction of salty water
and corrosive rock seepage are additional wellgprof sulfates in drinking water. Man-
made sources incorporate industrial effluents aifidesits from combustion of fossil
powers. Measuring sulfate concentrations in wadea iregarded chemical procedure.
Despite the fact that sulfate does not represesedideing danger at levels ordinarily found
in drinking water, its manifestation in water casntbnstrate depreciation in groundwater
quality which could exhibit different complicatioms terms of water quality, arousing
unfavorable wellbeing impacts. The major physiatatimpacts arising from the ingestion

of huge amounts of sulfate are catarrh, diarrhaed,gastrointestinal discomfort.

2.9.1.7 Heavy Metals
Heavy metal is term applied to metals with an atodansity above 5 g/cm3 (Walker and

Sibly, 2001). Heavy metals that are essential mirenmental and body health include
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iron, cadmium, arsenic, lead, nickel, copper, msfcainc, cobalt, tin, chromium and
vanadium (WHO, 1996). Although some are requiretidiyg organisms in trace amounts
eg. iron and zinc, excess levels are detrimentad.ron-essential heavy metals eg. arsenic,
lead and mercury are generally poisonous sincedffegt some metabolic and biological

processes.

Arsenic (As)

Arsenic is a naturally abundant.metalloid erigingtirom the earth’s crust. Arsenic occurs
naturally in the mineral mispickel or arsenopyritesw levels of arsenic are likewise
present in plants and animals, for example, fishaso in the atmosphere. It is ordinarily
found in a blend with different.components formargenic compounds and has no unique
taste or smell. A significant number of these coomts are actually found in nature but
some are man-made. When arsenic occurs at lovsleeire is moderately little to worry
about. A great number of people take in little camteations of arsenic in the food material
they ingest, however drinking water with low to eage levels of arsenic can give more
than is required. The most poisonous type of acsdmiown as inorganic arsenic, is the
nature ordinarily found in groundwater. Inorganic Aompounds are classified as

carcinogenic to.humans-(Asklund and Eldvall, 2005).

Studies have demonstrated that individuals drinkued water with increased levels of
arsenic have higher potential of contracting soitmeeats. Drinking great water with low
to tolerably increased levels of arsenic over aopeof time may prompt constant
wellbeing impacts. Serious wellbeing impacts, fwaraple, tumor, are created over some

years and can be hard to identify, particularlthim early stages. Elevated levels of arsenic
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can also induce immediate or acute health effdws tiypically have more perceptible

symptoms.

The level of Arsenic in natural waters generallgges between 1 and 2 mg/l, (Asklund
and Eldvall, 2005). Concentrations of arsenic may dbevated, however, in areas
containing natural sources; values as high as IPhage been reported. As is a component
in the manufacture of bronze materials, firewodgjcultural chemicals, laser materials,

glass, semiconductor materials, wood preservativepper and lead alloys and

insecticides (Hardgt al.,2008).

Copper (Cu)

Copper occurs in soil, rocks, water, plants, adt ather living things. It is a component in
metal alloys, electrical wiring, some water tulj@®servatives for wood, animal skin and
fabrics, and some horticultural fungicides, (Haretyal., 2008). Cu is a key plant
micronutrient. Nonetheless, at abnormal conceiimaiiit might be lethal to plants.

It can also bind to soil organic matter and becamevailable to plants. Higher availability
is usually associated with low pH. Copper is a @&uautrient supplement that the body
requires in little amounts. In‘any case, drinkiteyated amounts of copper can bring about

sickness, regurgitating and loose bowels, and eam fyour liver and kidneys

Iron (Fe)

Iron is an important element in human nutrition.eTiost common sources of iron in
groundwater are naturally occurring, for exampberfiweathering of iron bearing minerals
and rocks. Industrial effluent, acid-mine drainagewage and landfill leachate may also
contribute iron to local groundwater. Assessmehthi® minimum daily prerequisite for

iron depend on age, physiological status, sexramdioavailability and ranges from about
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10 to 50 mg/day (Asklund and Eldvall, 2005). F¢ ¢Hlts are unstable and are precipitated
as insoluble Fe (lll) hydroxide in drinking watehigh settles out as a rust-coloured silt.
Anaerobic groundwater may contain Fe (II) in amsuwn to a few milligrams for every
liter without discoloration or turbidity in the watwhen straightforwardly pumped from a
well. Turbidity and discoloration may create in shaled frameworks at Fe levels above

0.05-0.1 mg/l, while levels of 0.3-3 mg/l are notipdiscovered satisfactory.

2.9.2 Biological indicators

Coliform bacteria are defined and grouped based tlo#ir collective origin or
characteristics, as either Total or Faecal Coliforire total coliform group includes faecal
Coliform bacteria such @sscherichia coli (E.coli)together with other types of Coliform
bacteria that are normally found in the soil. Fa&baliform bacteria are known to be
present in the intestines of homeeothermic anirmadiiding humans, and are found in
excreta, animal droppings and naturally in soil.sMof the Faecal Coliform in faecal
material (faeces) comprise Bfcoli, and the serotypE.coli 0157:H7 is known to cause

serious human illness.

Coliforms and fecal streptococci, are used as aidis of probable sewage pollution

because they are normally found in human and arfeeak. Though they are usually not
harmful themselves, they point to the possible gires of pathogenic (disease-causing)
bacteria, viruses, and protozoans that also liveuman and animal digestive systems.
Their presence in water therefore suggests thabgahic bacteria might also be present
and might be a health risk. Since it is challengimge-consuming, and expensive to test
directly for the presence of a large variety ofhogens, water is usually tested for

coliforms and faecal streptococci instead. Soumfefaecal contamination to surface
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waters include wastewater treatment plants, onssf#ic systems, domestic and wild
animal manure, and storm runoff (Akoto and Adiya@07). In addition to the probable
health risk accompanying the presence of increkeseds of faecal bacteria, they can also

cause cloudiness water, unfriendly odors, and e®ased biochemical oxygen demand.

The most frequently tested faecal bacteria indrsaéoe total coliforms, faecal coliforms,
Escherichia coli faecal streptococei, and enterococci. All Butcoli are composed of a
number of species of bacteria‘that sharesmutuabctexistics such as shape, habitat or

behaviorE. coliis a single species in the faecal coliform grad@\E, 1992).

Total coliforms are an assemblage of microorganisiaisare rife in nature. All individuals

from this assemblage can be found in human dungeer some can likewise be available
in animal excrement, soil, and submerged wood amtifferent spots outside the human
body (Zebet al.;2011). Thus, the practicality of total coliforms as indicator of faecal

pollution depends on the degree to which the bactpecies occuring are faecal and
human in origin. For public recreational watersak@oliforms are no longer endorsed as
an indicator. For drinking water, total coliformeeastill the standard test on the grounds

that their presence shows pollution of a water Bupy an outside source (Yerel, 2009).

Faecal coliforms, a smaller cluster of total cafifobacteria are usually fecal-specific in
origin. On the other hand, even this cluster cowstaivarietyKlebsiellg with animal types
that are not as a matter of course fecal in orifiebsiellaare usually connected with
clothing and pulp and paper factory wastes. Coresattyy if these sources are released to
a particular stream, it may be better to considecking regularly the fecal and human-

specific microorganisms. For recreational watdrs,dluster of microbes was the essential
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pollution pointer until of late, when EPA starteygesting=. coliand enterococci as better
pointers of pathogenic hazards from water contgetal coliforms are as yet being utilized
as a part of the indicators in numerous statedé&ermination of microbial or faecal

contamination (Yerel, 2009).

E. coliis a group of faecal coliform bacteria which istmalar to faecal material from
humans and other homoeothermic.organisms. Theamuental agencies endotsecoli

as the paramount indicator of health hazardfromemeontact in recreational waters; some
states have altered their water quality criterid are thus monitoring subsequently (Zeb

etal.,2011).
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CHAPTER THREE

MATERIALS AND METHODS
3.1 Study Area
The Amansie Central District of the Ashanti regias the study area. Jacobu is the
administrative capital of this district. There &neenty-seven (27) administrative districts
in the Ashanti Region, it found in the forest pat@areaofthe Ashanti region with altitudes
ranging from 150 m and 300 m above sea.level. Biehment of this area is about 300
sq. km and is relatively flat. The semi equatoaiatl wet climates occur in this area and
there is much rainfall the rainy season which begirApril until June and continues from
September to November. The annual rainfall rangesn f 1600mm — 1800mm.
Temperatures range between 20°C and 32°C. The nuinMugust records the lowest
temperatures whereas the dry season months of MaitiApril record the highest. The
district falls largely within the moist semi-decwlus forest vegetation zone which contains
a lot of the valuable timber species as well as t®ps such as cocoa and citrus. The
district is underlain by three geological formasothe Birimian, Tarkwaian and Granite

rocks which are rich in mineral deposits (Survep&ement of Ghana, 1977).

Close to the north of the capital Jacobu within digrict are the Aboabo and Pataase
communities were the study was conducted (FigThese are predominantly farming

communities through which runs the Aboabo streanm&y department of Ghana 1977).
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Figure 2: Location Map of the Amansie Central Dis owing the Aboabo and Pataase communities;
Inset is the Map of Ghana and tiheaAsie Central District in the Ashanti Region.
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3.2 Selection of Sampling sites.
Sampling was carried out in Aboabo and Pataaséhemutskirts of Jacobu, the capital of the
Amansie Central District. The communities were ctelé based on their reliance on the Aboabo

stream until it got polluted by mining activities.

3.2.1 Sampling of Water Sources

Following an initial survey, all groundwater sowsadtilized by-inhabitants of the Aboabo and
Pataase communities at the time ofithe study.wieosen. The Aboabo stream on which the
inhabitants used to depend on has been heavilytpdll The sampled water sources consisted of
two bore holes labeled BHA 1 and BHA 2, and a W&IA 1) within the Aboabo community as
well as two bore holes (BHP 1 and BHP 2) and twadkdug wells (WP 1 and WP 2) at Patase

(Plate1-4).

3.2.2 Sampling of Household Water

The households were selected based on their wikisg) to participate after the study had been
explained to them. The systematic random samplegwsed, where every fifth house from a first
house selected randomly along the main street weagd: If inhabitants of a household were
absent or refused participation, the next housecmasidered and the process continued counting

from the non-respondent house (Wedttal.,2000).

3.3 Water sampling

3.3.1 Preparation of Sampling containers

Water samples were collected into 750 ml plastittlém Before sampling was conducted, the
sampling bottles were washed using warm water atdrgent, rinsed with deionised distilled

water after which dilute nitric acid solution wased to wash them, and then rinsed again with
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deionised water and dried in a drying cabinet. Tieuee the bottles were ready for use with
minimal contamination, a sample of bottles weredeld, filled with distilled water and the pH

tested. A neutral pH indicated the bottles wereydar use (Anon, 1992).

3.3.2 Collection of Water Samples

At the sampling point, water from the borehole vpasnped out for a while, after which the
appropriate pre-labelled samplingpbottles were eawed thrice~before being directly filled to
capacity (without air space) and immediately. coslelide.water from the well was collected using
a plastic container with a rope attached to it (@Biansoet al.,2010). The pre-labelled sampling
bottles were in each case rinsed thrice beforegoiied to capacity and covered immediately.
The samples for further analysis were immediatédyesl on ice and immediately conveyed for
analysis in the Laboratory. For the collection ofibehold water, water purposefully requested for
drinking was transferred into pre-labelled stelodttles for microbial-analysis.

Duplicate samples were taken during the early hofithe morning, once every month over a
period of six months (from December, 2013 to M&@44). Households were visited between 3.00
pm to 6.00 pm when most of the residents were h&methose responsible for collection of water,
questionnaires were administered to solicit fooinfation relating to household characteristics,

main source of drinking water and water storage.
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Plate 1: A functional Borehole.in the Patase 'comml}t;y
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Plate 2: A functional Borehole in the Aboabo commuity
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Plate 4: A Hand-dug well in the Aboabo community
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3.4 Laboratory Analyses

3.4.1 Measurement of some Physicochemical parameser Temperature, pH, Salinity, Total
Dissolved Solids (TDS), Electrical Conductivity (EQ, and Dissolved Oxygen (DO).

A portable HANNA (HI 9828) multi-parameter ProfggH/ORP, Conductivity, D.OWater quality

checker was used to determine the total dissoleédss(TDS), salinity, temperature, electrical

conductivity (EC), pH and dissolved oxygen (DO¥amples on-site. Featuring a control unit with

an LCD display and a powerful integrated multi-sergobe, the instrument is designed for easy

use on-site and provides reliable water qualita dgtimmersing the sensor in the water. Up to 12

parameters can be enabled and seen simultanegusig targe graphic display.

The instrument was first calibrated using the H2&5 quick calibration standard solution. On
the field, after collecting some the water sampte & plastic container, the probe was rinsed with
deionized water and immediately immersed into thlikected water sample. The digital readings
were then allowed to stabilize and the respectaleas recorded after which the sensors were

thoroughly rinsed with deionized water before te&trwater sample measurements.

3.4.2 Colour

The colour of the water samples were determinedhbyPlatinum- Cobalt method using the

Wagtech Potalab photometer 7100 series (using amnadd solid-state digital readout

colorimeter) which had already been calibrated wadloured standards of known platinum cobalt
concentrations. In order to measure the true cptberwater sample was first filtered through a
filter paper to remove interferences due to tutidrhe cuvette was rinsed with distilled water
and then filled to the 10 ml mark with distilled taafter which it was inserted into the photometer

chamber and blanked. The cuvette was then remdovedontent discarded, rinsed with some of
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the filtered water sample and filled with the fikd water sample to the 10 ml mark. The cuvette
was then inserted into the sample compartment w/bilsuring that the sides were clean, the colour

mode was selected from the testing menu and tltgngeaecordedin colour units (CU)

3.4.3 Turbidity

Turbidity values were recorded in Nephelometric bidity Units (NTU) using the Wagtech
Potalab photometer 7100 series Jafter the turbidemétad” been calibrated following
manufacturer’s instructions. The cuvette was rintbede with the water sample to be tested after
which it was filled with 10 ml of the sample andethinserted into the optical chamber of
photometer. The turbidity mode (PHOT 48) was theeced on the photometer and the displayed

turbidity reading was recorded.

3.4.4 Determination of BOD

Airtight BOD bottles were filled with the sampledadistilled water to the brim. The samples were
plugged with cork and kept in a dark incubator @t for five days. The amount of dissolved
oxygen was measured prior to (initial) and posmbalfi incubation for five days. BOD was

calculated as the difference between the firstfarad dissolved oxygen amounts (APHA, 1992).

3.4.5 Determination of COD

Into a vial containing 2.4 ml of the sample (teshple) was added 1.5 ml of potassium dichromate
reagent and 3.5 ml of sulphuric acid. The vial whsed and kept at 150°C for 2 hours in a
digester. The sample was titrated against ferroum@ium sulphate solution using ferroin as

indicator after it was allowed cool to 25°C. Deymirent of reddish brown colour was end point

(APHA, 1992). The procedure was repeated usintilldds water which served as the blank

sample.
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The COD was then calculated using the formular;

(A-B)*M+8x1000
Vv

COD =

Where,
A = concentration of ferrous ammonium sulphate fanklsample,
B = concentration of ferrous ammonium sulphate fst $ample,
M = Molar concentration of fefrousiammoniuntisulphate

V = volume of test sample used

3.4.6 Alkalinity
Alkalinity was determined using the titration methioy titrating a water sample with sulphuric
acid. Briefly three drops of phenolphthalein indaravas added to 100 ml of the water sample in

a conical flask and titrated with 0.02N of$0.

Alkalinity of water was determined by the fomulaidw,

i . V+N+1000
- *
Alkalinity as in mg/L CaCO3 Volof sample ()2 100

Where;
V = titration volume in mi
N = Normality of acid solution

100 = molecular mass of CaCO3

3.4.7 Total Hardness
Total hardness was determined using the WagtediaPgphotometer 7100 series. Following the

Palintest method, fifty millilitres of the sampleaw/filtered using a filter paper to obtain a clear
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sample of water after which 10ml of the filteredngde was put into a beaker. One Hardicol No 1
tablet (containing lithium hydroxide monohydrategtgssium chloride, EDTA, magnesium,
disodium salt, leucine and ammonium chloride) waslted and mixed with the sample in a test
tube, allowed to dissolve and then one Hardicol2Nablet (containing sodium hydroxide) was
also crushed and added with the sample to dissbheesample was allowed to stand for about 30
minutes until the particles were completely disedlto produce a purple colour. A wavelength of

570nm was selected on the photometer and readdcgsded fram the LCD screen.

3.4.7.1 Determination of Calcium (Ca) Hardness

Into a 250 ml conical flask was pipetted 100 mikef water sample. Four millilitres of 1N sodium
hydroxide solution was added to the contents offldsk to increase the pH to about 12 or 13
followed by the addition of about 0.2g murexideigadior mixture. The content in the conical flask
was titrated against 0.02M EDTA to the end pointi¢ated by a ehange in colour from pink

colouration to purple. Titration was repeated uailonsistent titre was obtained (APHA, 1998).

Calculation: Calcium Hardness as CaCO3 (mg/l8) xB x 1000/ m| of water sample

where;
A =ml titrant for sample and

B = mg CaCQ@equivalent to 1.00 mL EDTA titrant at the calciimdicator end point.

3.4.7.2 Determination of Magnesium (Mg) Hardness
The Magnesium hardness of the water sample waslatdd as the difference between the total

hardness and Calcium hardness values obtaineddnaiygsis of the sample.

48



3.4.8 Determination of Sulphate (S&)

The Wagtech photometer was initially calibratedtf@ measurement of sulphate, using standards
provided by the manufacturer and following manufegt's instructions. One Sulphate turb tablet
(containing Barium Chloride in a slightly acidiafoulation) was crushed and mixed in a test tube
with about 10 ml of the filtered water sample atidveed to dissolve. A cloudy solution indicates
the presence of sulphates. The solution was alldwetand for 5 minutes and then mixed again
to ensure uniformity. A wavelength,.of 520nm wasstdd on a Wagtech photometer and the

concentration of sulphate in samples recorded.

3.4.9 Determination of Nitrites (NQ")

Using calibration standards provided by the martufac, the photometer was calibrated
following manufacturer’s instructions. About 50 oflthe water sample to be tested was filtered
with a Whatman 1 filter paper to obtain a cleaiusoh. A pipette was used to take 1ml of the
filtered sample and transferred into a test tub® made up to 10 ml with distilled water. One
Nitrophot No.1 tablet was crushed and mixed withgample to dissolve followed by the addition
of one crushed Nitrophot No 2 tablet to the samsplation to dissolve. The test tube was capped
immediately and allowed to stand for exactly 2 néstfor full colour development. A wavelength

of 570 nm was selected on the photometer and ttbngs were then taken.

3.4.10 Determination of Nitrates (N@)

A Nitratest tube was filled with 20ml of the watemmple. One nitratest tablet was added to a
spoonful of nitratest powder. The test tube wapedmnd shaken well for 1 minute. The sample
was left for two minutes to settle down and catgfverted three or four times to aid flocculation
and then allowed to stand for a further two mindtesnsure complete settlement. The cap was

then removed and the mouth wiped with a cleaneis&bout 10 ml of the clear solution was then
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decanted into another test tube. One nitrocol tatds crushed and mixed to dissolve and this was
allowed to settle for few minutes for full colowgwklopment and inserted into the sample chamber
of the photometer. A wavelength was adjusted toravi0as specified on the photometer for the

determination of nitrates and the readings taken.

3.4.11 Determination of the levels of Iron

A clean test tube was filled with about 10 ml'cf thater;sample” One tablet of iron High Range
tablet was crushed and mixed with'the.water sampieallowed to dissolve in the water. This was
allowed to stand for one minute for full colour @é&pment. A wavelength of 570 nm was selected
on the photometer as specified by the manufacturatsuction for the determination of iron and

readings taken directly.

3.4.12 Determination of Fluoride (F)

The water sample (20ml) with transferred into cléest tubes. One fluoride No.1 tablet was
crushed and mixed with the sample to dissolve aftech another tablet (fluoride No. 2) was also
crushed and mixed with the sample to dissolve.sStation was allowed to settle for a short time
until full colour developed. A photometer with seikd wavelength of 570nm was used to read

fluoride concentrations.

3.4.13 Determination of Chloride (Cl)

The amount of chloride in the water sample wasutaled using the Argentometric method
(APHA, 1992). In this procedure, 1.0 mp®&rO4 indicator solution was added to 20 ml of sample
water in a conical flask. The solution was titrateth standard AgN@solution to obtain a pinkish
yellow end point. About 20 ml of distilled water svased as the blank sample, the procedure is

repeated, after which the concentration of chlovids calculated using the equation below;
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(A — B) x N x 35450

mg CI'/L = Vol. of sample

Where:
A = ml titration for sample,
B = ml titration for blank, and

N = normality of AgNQ (0.0141M)

3.4.14 Determination of Total and Faecal coliforms

The water sample was thoroughly mixed by inverting sample bottle several times and serial
dilutions prepared as follows: Using an automaiette and sterile 1 ml pipette tip, a 1 ml aliquot
from an inch below the surface was taken and atlsl®dml of sterile ringers solution ( diluent )
in a test tube, making the 1@lilution. Again, a fresh sterile pipette tip wakeén and the 10
dilution mixed by drawing the suspension up and mak® times. 1 ml of the 10level
concentration was pipetted into another tube filleth 9 ml of sterile ringers solution, making the
102 dilution. Subsequent dilutions; 2010%, 105, 10°, 107 were prepared by repeating the above

procedure further five times.

3.4.14.1 Total / Faecal celiforms

The determination of total and faecal coliforms ens in samples was done using the Most
Probable Number (MPN) method. Serial dilutions ragdrom 10 to 107 were ready made ready
by mixing 9 ml sterile distilled water with 1 ml tfie water sample. One milliliter aliquots from
each of the dilutions were inoculated into 5 mMscConkey Broth and incubated for°85for

total coliforms and 4% for faecal coliforms for 18-24 hours. Tubes witslour changing from
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purple to yellow were recognized as positive fothbimtal and faecal coliforms. Counts per 100

ml were calculated from Most Probable Number (MBathjes (Obiri-Danset al.,2005).

3.4.14.2E. Coli (Thermotolerant coliforms)

Identification of the presence & coliin the water samples was done using the Most Bieba
Number (MNP). A drop of positive samples was pt i 5 ml test tube containing trypton water
and kept at 44Cin an incubator fofl 24 hoursi About 1:ml of Kovamsagent was then added to
the test tube containing trypton water. Test tigemwing a+ed ring colouration that develops after
mild shaking indicates the manifestation of indekrifying the presence of themotolerant
coliforms which includesH. col). Microbial counts per 100 ml were calculated frdsost

Probable Number (MPN) tables (Obiri-Daretcal.,2005).

3.5 Statistical analysis of data

Data was analysed using Microsoft Excel (2010 ed)tifor the descriptive analysis and graphs
and the Statistical Package for Social Science $Sk&rsion 19) using the Analysis of Variance

(ANOVA) was used to determine the differences ia thean values of the parameters at the

various sampling sites.
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CHAPTER FOUR

RESULTS
4.1 Physicochemical parameters
4.1.1 Temperature, pH, Colour and Conductivity
The temperatures of all the water samples wereddoitbe normal. Highest mean temperature of
water was recorded in WP2 (27.30 +0%5. intermediary mean temperatures were noted for
WAL (27.02°C), WP1 (26.90C), BHA1(26.68C),.BHAZ2 (26.64°C), and BHP2 (26.5%C) with

BHP1 (26.34+ 0.43C) recording the least (Table 2).

Water from BHP1 (6.34 £ 0.49) had the highest pHPR followed with a pH of 6.28 + 0.42.
Water from WP2 (5.80 £ 0.29) recorded the leas{dble 2]. All mean pH values were slightly

acidic.

Appearances of water colour were strong in waterpses from the wells than water from the
boreholes. WP1 had the highest colour of 21.29 1F)0CU and the minimum value recorded was

for the water from BHP1 (1.03 + 0.08) CU [Table 2].

Water from WP2 (581.22 + 0.41) had the highest oetidity. WP1 followed with conductance
of 393.00 + 3.30 and BHA1l (37/9.00 + 3.80). Watesnfr BHP2and BHA2 had an equal
conductivity of 68.36 which was the least conduttivecorded. (Table 2). Differences in

conductivity between most water sources were saamf (p < 0.0001).
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Table 2: Mean values of some physicochemical paratees

Water Temperature pH Colour Conductivity
source e (CL) (uS/cm)

BHA1L 26.66 6.00 6.38 379.00
(+£0.73) (+ 0.36) (+0.73) (+ 3.80)

BHA2 26.64 5.94 6.40 68.36
(£0.24) (+ 0.64) (+ 0.68) (+0.48)

WAL 27.02 5.94 15.4 130.56
(£ 0.74) I?ﬁzP\ | | |t 3 )T (+ 10.0)

BHP1 26.34 Bxl N Ul | 174.75
(+0.43) (+ 0.49) (+0.08) (+0.70)

| ™

BHP2 26.50 6.28 68.36
(+ 0.35) (+ 0.40)

WP1 26.90 393.00
(+ 0.64) (+3.3)

581.22
o

5= 1500

F

WpP2

4.1.2 Total Dissolved Solids

The mean levels of Total dissolved solids in wétem the different water sources are shown in
Figure 3. The levels of the Total dissolved sofrdsn the various sources were all below the WHO
limit of 2000 mg/L. Water from WP1 (308.80 mg/L)chthe highest mean Total Dissolved Solids.
This was followed by BHA1 (236.00 mg/L), WAL (128.81g/L), WP2 (118.42 mg/L), BHP1
(205.30 mg/L), and BHP2 (40.84 mg/L) in decreasirder, whilst BHA2 (40.36 mg/L) recorded
the least mean TDS. Generally differences in leg€lEDS of the different water samples were

significant at p< 0.05.
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highest salinity. Water from BHP2 (450.00 mg/L)ored the least. (Figure 4).
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Figure 4: Mean salinity of water from the different sources

4.1.4 Turbidity

Turbidity of water samples in the study communiti@asged from a mean value of 0.06 — 3.22
NTU for boreholes and 1.77 — 5.05 NTU for Hand-ateils. The highest mean turbidity level of
the water was recorded-in WAL (5.02 NTU). WP1 h&d3 NTU), BHP1 (3.22 NTU), BHA1
(2.90 NTU), WP2 (1.77 NTU) followed respectivelydB2 had the lowest turbidity level of 0.06
NTU (Figure 5).
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5.00 ,,IT WHO
A 1 Guideline, 2011
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Turbidity |
Water Source

Figure 5: Mean turbidity of water from different wa ter sources
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4.1.5 Total Alkalinity

Maen Total alkalinity of water ranged from 16.60/mtp 55.00 mg/L in the water from various
sourcesThe highest alkaline level was recorded in watemfiWWP2 (55.00 mg/L). The level of
alkalinity recorded for the other water sourcethis study in decreasing order was BHP1 (42.26
mg/L), WAL (31.00 mg/L), BHA2 (20.20 mg/L) and BHA16.60 mg/L) respectively (Figure 6).

Alkalinity of water from all the sources were beltlve WHO standard af 200 mg/L

70.00 -
60.00 - {
50.00 - 1
40.00 - L?L
30.00 - ’ { o
bl /| l | VP

20.00 - ; I . e e e — 7,

: 77’ ' .

10.00 1 | Relich o {

Alkalinity /mg/L

| o 2 /7

0.00 1= - % R v/
BHAL BHA2 waL | BHPI BHP2 WP1 WP2

Total Alkalinity |
Water Source

Figure 6: Mean Total Alkalinity of different water source

4.1.6 Amount of Oxygen
Figure 7 shows the amount of oxygen in water frbendifferent sources considered in this study.
The amount of Dissolved Oxygen recorded was higimegtater from BHA2 (3.54 mg/L). The

Dissolved Oxygen content recorded in water fromviaeous sources were; BHP1 (3.51 mg/L),
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BHP2 (3.49 mg/L), WAL (3.47 mg/L), WP1 (3.00 mg/MyP2 (3.00 mg/L), and BHAL (2.62
mg/L).

Water from BHP1 had the highest chemical oxygenatehof 1.11 followed by BHA2 (1.06
mg/L), WAL (0.98 mg/L), BHP2 (0.94 mg/L), WP1 (0.@®)/L) and BHA1 (0.48 mg/L) [Figure
7].

High biological oxygen demand was recorded in watem BHP1 (0.73 mg/L). BOD value of
water from BHP1 was followed by different. demané@8imlegical Oxygen in water from BHA2
(0.53 mg/L) through BHP2 (0.47 mg/L), WAL (0.40 mg/WP1 (0.37 mg/L) and BHA1 (0.26
mg/L) to WP2 (0.19 mg/L).

Individual water sources had varying amounts ofdifferent forms of Oxygen demand available
to the Biota. All the different sources had DissalOxygen the highest, followed by the chemical

Oxygen demand and the Biological Oxygen demandets. (Figure 7)
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Figure 7: Mean amount of Oxygen demand
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4.1.7 Total Hardness of water

Water from BHA1 had the highest (70.99 mg/L) Totddist water from BHA2 (34.20 mg/L),
recorded the least total hardness (Figure 8)

Water from BHAL1 again had the highest calcium hasdnof 60.60 mg/L of water followed by
calcium hardness of WP1 (34.20 mg/L), BHP1 (33.2fiLi)y WP2 (23.50 mg/L), WAL (21.00
mg/L).Water from BHAZ2 (9.20 mg/L) and BHP2 (9.20 /finghad an equal degree of hardness
caused by calcium were the least recorded.(Figure 8

Water hardness caused to a larger extent by magnesas found in water from BHP2 (25.84
mg/L) and BHA2 (25.00 mg/L). Hardness of wateribtitable to magnesium in water from the
other sources studied were WAL (20.80 mg/L), WR2Q& mg/L), BHP1 (12.19 mg/L), BHAl
(20.39 mg/L) and WP1 (8.29 mg/L) [Figure 8]. Waft@m all the sources were below the WHO

limit of 500 mg/L CaCQ@
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Figure 8: Mean hardness of water from different sotce
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4.1.8 Concentration of Anions

There was varying amount of minerals in almosttal different source of the water. The mean
chloride content of water from the various soun@eged from 12.51 mg/L to 17.76 mg/L, all of
which were within the permissible limit of the WHfideline value ok 250 mg/L drinking water.
Water from WP2 (17.76 mg/L) was noted as havinghighest amount of chloride during the
study period. Chloride content of water from BHR3.60 mg/L) was next followed by BHA2

(15.40 mg/L) while WP1 (12.51 mg/L) recorded thaslechloride content (Table 3).

Water from BHAL (1.80 mg/L) had the highest flu@ritbllowed by that recorded in WP1 (1.70
mg/L), WP2 (1.64 mg/L) BHP1 (1.35 mg/L), WA1 (0.6f0/L), BHP2 (0.44 mg/L) respectively.
Water from BHA2 was noted as having the least fllercontent of 0.42 mg/L (Table 3).
Differences in mean fluoride content of water fridm different sources were significant at p

0.05.

The amount of Sulphate in water was highest in maben WP1. Water from WP2 recorded the
highest Nitrate and BHP2 was noted for high Nitléeels (Table 3). Levels of sulphate were all

within the WHO guideline value of 250 mg/L.

Water from WP1 (13.14 mg/L) had the highest ammfnESulphate followed by WAL (10.39

mg/L), BHA1 (5.40 mg/L), WP2 (4.55 mg/L), BHP1 (8.thg/L), BHP2 (3.80 mg/L) respectively.

Water from BHAZ2 (3.10 mg/L) recorded the least (€&d).
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Water from WP2 (8.39 mg/L), had the highest amadmitrate followed by BHP1 (7.43 mg/L),

WAL (6.69 mg/L), WP1 (5.27 mg/L), BHA1 (3.07 mg/lBHA2 (1.60 mg/L) and BHP2 (1.05

mg/L) respectively.

Water from BHP2 (0.30 mg/L) had the highest Nitwitieh very low levels occurring in water from

the other sources (Table 3). The differences weveekier not significant (p = 0.1750).

Table 3: Mean concentrations of Anions in water fran borehales and Hand-dug wells in

Study communities

Cl-(mg/L) F-(mg/L) NO> (mg/L) SOs (mg/L) NOsz (mg/L)
BHA1 12.89+0.86  1.80+0.09 0.0092+0.002 5.40+1.80 3.00%0.
BHA2 15.40+£3.00 0.42+0.07 0.0046+0.006 3.10+£0.57 1.688:0.
WAL 12.81+2.60-...0.61+0.16 0.0014+0.001 10.3941.20 6.6810
BHP1 13.53+0.35 * . 1:35+0.04 0.0078+0.004 3.96+0.84 7.4830.
BHP2 15.60£2.00  0.44+0.05 0.30+0.51 3.80+1.90 1.05+£0.27
WP1 12.51+0.40 1.70£0.16 0.0054+0.004 13.14+0.50 5.2/20
WP2 17.76+£0.52 « 1.64+0.14 0.0068+0.003 4.55+0.42 8.3830.
WHO Limit 250 mg/L 1.5 mg/L 250 mg/L
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4.1.9 Concentrations of Iron and Zinc

The Iron content in water ranged from a minimun® &6 mg/L for BHP2 to a maximum of 0.22
mg/L for water from BHA2 and WAL. The content reded for WP2 was 0.21 mg/L followed by
BHAL (0.20 mg/L) and WP1 (0.16) respectively (Tad)eThe iron contents for the water sources
were beneath the WHO permissible limit of 0.3 m{gk drinking water. Differences between

means were not significant at®.05.

The study showed that boreholes and hand-dug.welkfie sampling communities, had water
with mean zinc level below 3.0mg/L, the WHO limi¥ater from WP1 (0.58 mg/L) was noted for
the highest amount of Zinc followed by that recarée BHAL (0.22 mg/L), BHA2 (0.20 mg/L),
BHP1 (0.14 mg/L), WA1 (0.14 mg/L), WP2 (0.04 mg/kg¢spectively with BHP2 (0.03 mg/L)

recording the least zinc content (Table 4).

Table 4: Mean concentrations of Iron and Zinc contat of water from boreholes

and Hand-dug wells'in the study comumnities

Fe (mg/L) Zn (mg/L)

BHA1 0.20+£0.024 0.22+0.380
BHAZ2 0.22+0.380 0.20+0.150
WAL 0.22+0.084 0.14+0.052
BHP1 0.071£0.029 0.:14+0.037
BHP2 0.06+0.030 0.03+0.019
WP1 0.16+0.190 0.58+0.10
WP2 0.21+0.071 0.04+0.039
WHO Limit 0.3 mg/L 3.0 mg/L
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4.2 Microbial Parameters

4.2.1 Total coliforms counts in water samples

The mean number of the total coliforms observedhftbe various water sources was 3.35x10
CFU. The highest mean number of total coliforms wlatained from WA1 (2.34x289.76x10)
[Table 5]. The least mean total coliform count waserved for BHA2 (0.00x2@CFU). Analysis

of variance yielded statistically significant diféemce (p < 0.05) between the observed total

coliform count for water from the various seurces.

Table 5: Mean counts of total coliforms from the vaous water sources

Total coliform

Water source Mean count/ CFU Standard deviation
BHA1l 5.23x16 2.49x10
BHA2 0.00x10 0.00x10
WA1 2.34x16 9.76x10
BHP1 4.30%10 2.13x10
BHP2 3.06x16 4.50x10
WP1 8.97x16 3.59x10
WP2 8.99x198 3.72x10
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4.2.2 Faecal coliforms counts in water samples

From Table 6, the mean faecal coliform count frdva water sources was 1.62%XTFU (SD
3.25x10). The highest mean count was observed in waten ftdAl (8.23x16 CFU (SD
4.47x10)) and the least mean count was observed in BHRB2X20' CFU (SD 2.01x10)). The

mean faecal coliform count differed significantbr the different sources (p=0.00). Samples from

BHA2 and BHP1 did not record any. (Table 6)

Table 6: Mean counts of faecal coliforms from the arious water sources

Water source Mean eount/ CFU Standard deviation
BHA1l 4.60x16° 7.37x1%°
BHA2 0.00x16 0.00x160
WA1 8.23x10 4.47x10
BHP1 0.00x160 0.00x160
BHP2 2.31x16 2.01x10"
WP1 1.79x10 9.10%108
WP2 4.79%x106 6.67x10"

64



4.2.3 Mean counts oE. coli counts in water samples
The total meark. coli count was 2.77xIBCFU (SD 6.41x10). The highest meah. coli count
was observed for WAL (1.63x40FU (SD 0.856)). Samples from BHA1 and BHA2 did remtord

any counts (Table 7). ANOVA yielded significantfdilences between the obsengedolicounts.

Table 7: Mean counts of E. coli from the various wir sources

Water source Mean count /CFU Standard deviation
BHAl 0.00x10 0.00x10
BHA2 0.00x1@ 0.00x10
WAL 1.63x10 8.56x10"
BHP1 4.70x16 9.21x1C°
BHP2 2.60x16 2.73x10°
WP1 1.67%16 1.03x10t
WP2 1.31x16 7.52x1C7

65



4.2.4 Mean microbial counts in water in various hmes

Table 8below shows the mean microbial count at differemnbs based on their methoc
storage; either in coolers or plastic buckets. &hveas a generally high mean microbial count
associated with water stored in plastic bucketa tha water stored in the cooler in all eas
Statistical analysis revealed a significant differe (p< 0.05) between the various methoids

water storage in the homes.

Table 8: Mean microbial count of storage water in grious homes

Mean microbial count / CFU

Total coliform  Faecal coliform E. coli

Well 3.39x16 2.20x10P 1.82x10°
SOURCE
Borehole 2.82x10 1.49x10P 1.63x106°
Cooler 3.51x106 1.10x16° 1.01x10°
well Plastic
bulket 4.13%x16 1.30x16° 1.62x10°
HOME
Cooler 5.11x10 0.00%1@ 0.00x1Q
Borehole plastic
b 6.98x10 0.00x1@ 0.00x10
ucket
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CHAPTER FIVE

DISCUSSION
Ecosystems and human communities depend on thdv'&awiater cycle which is largely
determined by evaporation and gravity, however sgiochemical processes are also involved in
the transportation of many anthropogenic pollutaftsis the quality of water and the hydrological
budget is impaired due to stress en.natural wataused by-activities of growing populations
(Tack and Verloo, 1995).
It is imperative to put in place broad water gyalitonitoring regimes to identify impairments so
as to put in measures to reduce the impact of eptiyenic activities on natural waters.
Quantification of water quality can be accomplistisdmonitoring water resources. This will
enable the formulation of appropriate land useqgmesi to improve quality of life and preserve
natural areas (Chapman, 1996). Indicators of waility are classified into three categories
namely; biological, chemical, and physical with lead the parameters under these categories
having a set standard. Based on the WHO guidekaes country develops its own quality
standards for drinking water. All domestic wateppiies are checked against the set standards.
The quality of water from four boreholes and thneed-dug wells within the Aboabo and Pataase
communities were analyzed and the parameters nezhagiainst the WHO, USEPA, and NTU

standard contaminant level for all drinking water.

5.1 Physicochemical parameters

Temperature: The most common of the parameters used in therndiet&tion of water quality is
temperature. Temperature influences the chemicdlbéological features of surface water. It
influences dissolved oxygen concentration in watgnthesis of organic molecules by aquatic

plants, metabolic rates of aquatic organisms, heddsponse of aquatic biota to contamination,
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parasites and disease. Water temperature also rdarernice the chemical, bio-chemical
characteristics of a water body. In this studyrtreximum temperature of 27.8Q was recorded

in the water from WP2 and a minimum of 25%was recorded in the water from BHP1. The
temperature of water from Boreholes has generainldound to be in the range of 22 °C -29 °C.
Water temperature in WP2, was high and could bedlite direct exposure to the sun, low water

level, high temperature and direct matter exchavitiethe atmosphere (Salve and Hiware, 2008).

pH: The pH of a river or stream can previde informatiegarding various chemical and biological
processes, and aids in assessing indirect agsosidab a number of different inconsistencies in
water quality. The level of acidity or alkalinitysa impacts the biological activity of algae
(Villaverde et al., 1997). Carbon dioxide reacting with water and aisth the overlaying air,
influences the pH in uncontaminated water (PankoRafakow, 1991).

All the pH values were slightly acidic (below 6.%yater from WP2 recorded the least pH. When
a water body records low pH values it is indicaw¥éigh hydrogen ions, which can be triggered
by the deposition of caustic elements in rainfEfle observed pH levels were all below the WHO
working limits of 6.5 and 8.5. The pH values beléyw have been observed as unideal for human
use and may present adverse well-being conditatygical example being acidosis.

A shift of pH in favour of high acidity or high aknity may peint to the presence of a contaminant
in the water. However, due to the nature of wabeirees being naturally acidic or basic, pH may
not essentially indicate contamination, but low lgidels can make some metals more soluble
(Hujareet al.,2008). This causes heavy metals to be easily tagdy living systems. The acidic
nature of the values obtained suggests the presesfcparent rock materials as a result of

weathering.
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Appearance/Colour: All water collected were within the permissible @at limits of WHO. The
maximum value (21.29 CU) was recorded for the watem WP1 and the minimum value
recorded for BHP1. Colour of water might not neaegbe affected by some foreign materials as
with case of suspended solids.

Total Dissolved Solids:There were usual total dissolved solid fluctuatiofise highest total
dissolved solid concentration (308.80 mg/L) waseobsd in water from WP1 which was within
the range of WHO (500-1500 mg/L)..This might beaassult of heavy rainfall with the least TDS
concentration (40.36 mg/L) being observed in watan BHAZ2. High suspended solids recorded
from water from WAL compared to the others mightebea result of human activities due to its
exposure and direct exchange of matter with theosading environment (Oviatt, 1997).
Turbidity: This is a measure of water transparency - the poiwhich light entering a column of
water is dispersed by colloidal materials in watgch as mud, algae, detritus, and fecal material.
Turbidity reflects material deposits in water théects the transparency or light scattering of the
water. The range for natural water is 1 to 2000 NTU

Total Suspend Solids (TSS) and Total DissolveddSdlTDS) can be affected by changes in ionic
species in water. Fluctuations in the ionic speofeg/ater can cause precipitation of dissolved
substances or will affect the solubility of collaldarticleg Schwarzenbackt. al, 2003)

The turbidity of water fluctuates from 5-25 NTU acding to World Health Organization (WHO).
The maximum value of 5.02 NTU within the rangehs study was recorded for water from WA1;
it may be due to human activities, decrease invtiiter level and presence of suspended particulate
matter compared to the rest and minimum value @NTU recorded for water from BHP2. All

values within the range of WHO (Sen al, 2012).
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A study conducted by Anyamwu (2011) in Nigeriapidity values observed depicted some sort
of seasonal and spatial patterns; It was notetivelg higher turbidity values during the raining
season period due to increased suspended solasitothe run-off and subsequently attributed it
to the level of human activity in the river systeBesides, higher turbidity levels are often
associated with higher levels of disease-causimgaoiganisms such as viruses, parasites and
some bacteria making the water unwholesome fokuign These organisms can cause symptoms

such as nausea, cramps, diarrhoea;and assocezeddmnes.

Conductivity: The conduction of electrical current is the measwet of free ionizable solutes or
ions in the natural water. Salts, for example swdahloride and potassium chloride dissolved in
water, generally create these ions. Many riverssargm range between 0.1a$cm (Ugwu and
Wakawa, 2012). According to Figure 6, Water from YWAad the highest conductivity of
581.22is/cm with eonductance of 393 @Jcm for BHAL1 and 379.@&/cm for WP1. Higher
values conductivity recorded can be attributediteoff from the nearby farms as conductivity is
an indirect measure of the presence of inorgamsgatived solids such as chloride, nitrate, sulfate,
phosphate, sodium, magnesium, calcium, iron anaialum (EU, 1998), which most of them are

components of agrochemicals like pesticides artdifers.

Total alkalinity: The alkalinity of every water sources serves asntteral buffering capacity
which may conceal the presence of acidic or basltifants (EPA, 2005). Alkalinity ranges
between 20-200 ppm are common in freshwater sowndbslevels below 10 ppm indicating
poorly buffered water source. These sources ardetist capable of resisting changes in pH,
therefore they are most susceptible to problemshvtiue to the presence of acidic contaminants
(EU, 1998; WHO, 2008)The pH value is the best indicator of presencacalf or alkali in water

samples. The alkalinity had maximum value with VB2 to increase in bicarbonates in the water.
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(Hujare, 2008) also reported similar results thatas maximum in summer and minimum in
winter with surface water due to high photosynthedite. According to ISI, the acceptable limit
of total alkalinity of drinking water sample is 5@0g/L and maximum desirable limit is 1500
mg/L. The levels measured in this study might have redullue to leaching process through
surface water during rainy season (Yerel, 2009).

Amount of Oxygen: Dissolved Oxygen (DO) is important to all formsnoérine life including

the organisms that break down man-macde pollutdines DO, of fresh water at sea level will
range from 150% at 0°C-80% at 25°C. The amounbofaminants present in fresh water will

be close to 100% (Kannet al.,2007).

The Biological Oxygen Demand (BOD) may be the meafur oxygen needed to naturally break
down a contaminant. It will be regularly utilized an estimation of pollutants due to presence of
contaminants. Also it helps evaluate the qualitywaktewater, for example, that of sewage and
mechanical emanating waters (Zebal.,2011). BOD accordingly may be a critical parameter
about water demonstrating those wellbeing situagibaut freshwater forms. (Bhatti and Latif,
2011).

The chemical oxygen-demand, or COD;, is used asasume of the oxygen equivalent of the
organic matter content of a sample that is sudalepid oxidation by a strong chemical oxidant.

In the present study water from BHP1 had the higtiesmical oxygen demand of 1.11 mg/L with
the least being WP1 (0.72 mg/L), BHA2 (1.06 mg/adtthe highest BOD with the least being
WP2 (0.41 mg/L), whereas there was high Dissolveggen recorded in water from BHA2 (3.54
mg/L) with the least recorded from BHAL (2.62). Z#lal.,(2011) explained that DO levels are
important in the natural self-purification capadaitya river. A good level of DO in sampling sites

indicated a high re-aeration rate and rapid aerokidation of biological substances. As it is
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graphically shown from the Figure 2, all the diéfiet sources had Dissolved Oxygen the highest,
followed by the chemical Oxygen demand and thedgjichl Oxygen demand the least. Manjare
et al., (2010) attributed elevated DO in the summer torameiased temperature and period of
bright sunlight which might have had a direct iefhge on the % of soluble gases gpd CQ),
hence, might have had a proportionate charactesigtith the present study.

Hardness of water: Potable water is expected to have hardness lovegr 300mg/L, beyond
which irritation of the gut may occur (Chaurasiaal., 20Q7). This suggest that, all the water
sources are within the permissible range recomniergethe ICMR and Bureau of Indian
Standards (BIS) of 300 mg/L, since all the recordeflies fell below the limit. The value of
hardness ranged from 34.20 to 70.99. The highestertiration (70.99 mg/L) observed in the
water from BHAL and least concentration (34.20 mddc water from BHA2, however, all were
below the recommended permissible range of 8.@8mY/L by the World Health Organization,
WHO, hence very wholesome for drinking in term$iafdness of these water sources.

Salinity: All values of salinity recorded were within the pessible limits of WHO, with the
exception of that from WP2 with little above limithis is evidence of its high saltiness at the time

of collection (WHO, 1979).

Fluoride and Chloride: Fluoride is vital for living organisms as a tracetal and higher amounts
of this element causes toxic effects. Concentratibfiuoride between 0.6-1.0 mg/l in potable
water protects tooth decay and enhances bone g¢enefd (Kunduet. al, 2001). Range of
fluoride recorded for the different water sourcesewvithin that of WHO range (Seh al, 2012).
Chlorides are essential inorganic anions whicisdriable concentrations in rivers and lakes
(Makhoukh,et al.,2011). Chlorides are toxic to plant if used aggation water and may also

injurious to marine life (Rajkumaet al.,2004). High concentration of chloride is consideted
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be the indicators of pollution due to organic wastéanimal or industrial origin. High chloride
content of water indicates organic pollution ofraai origin (Bourrelly, 1966). There was high
chlorine recorded in all cases of the differentexatource compared to fluoride (within WHO
limits) [WHO, 2006]. This is an indicative of higalinity as a result of the chemical interaction
with sodium to form sodium chloride (Nad)).

Iron: The presence of iron (Fe) may increase the hadgvdtbogenic organisms; since most of
these organisms need Fe for their.growth (Tiwehal., "2005). The iron (Fe) values of the
different sites of river water samples were founaér than the permissible limit of standards for
drinking water (50Qug/L) [WHO, 2006].

Most ferrous compounds in aquatic environmentsraselting from the precipitation of Fe in
alkaline and oxidizing conditions (Abdulé. al, 1973). Most Fe is found as different forms of
Fe oxides like hematite, magnetite, and taconitevdds, 2010). Another reason for the increase
in Fe content might be due to the run off from detitewastes and other urban wastes (Meal
al., 2000). The highest amount of iron present wasrced in the water from BHA2 and WAL
and the minimum from BHP1.

Zinc: Zn is an enzyme co-factor in several enzyme systeohsding carbonic anhydrase found
in red blood cells. The Zn values of the differemter sources were found a lower the permissible

limit of (standards for drinking water (100@/L) [WHO, 2006].

Zn is naturally found in air, water, and soil. Zoncentrations are rising due to additions of Zn to
the environment industrial activities like miningpal, waste combustion, and steel processing

(Edwards, 2010).

Anions: Nitrate concentrations greater than 10 mg/L in revaormally indicate man-made

contamination. Man-made sources of nitrate inclddsilizers, livestock, urban runoff, septic
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tanks and effluents. When many lands are conventedagricultural land and as metropolitan
areas expand, nitrate checking is a vital tooldoeasing, locating and moderating man-made
sources of nitrate. Man-made sources of nitrateha environment include household and
manufacturing discharges and agricultural runoférehmanures are used.

The amount of different forms of nitrogen givessaful signal of the level of micro-nutrients in
the river and hence their ability to maintain plgrawth. The prescribed limit of NOby WHO

is 50 mg/l for domestic water. All range of nitragzorded were within perimeters.

The incidence of sulphate has less consequendeedadte of water compared to the presence of
chloride. The required limit of sulphate in potaater prescribed by ICMR is 200-400 mg/l. The
increased concentration of sulphate may induceldiaa and intestinal disorders. Excess amount

of sulphate in water has cathartic effect of hurnealth.

5.2 Biological parameters

Total and faecal coliform, E. cali: The mean number of the total coliforms observedhfthe
various water sources was 3.35%10he highest mean number of total coliforms wasioled
from WAL (2.34x16+9.76x10). The least mean total coliform count was obsgifiee BHA2
(0.00x10). Anova yielded statistically significant differes (p<0.05) between the observed total
coliform count for water from the various sourcBEse highest mean count for faecal coliform was
observed in water from Well water WAL and the lgastin count was observed in BHP2 as in
Table 3. Again, from Table 4, the total meancoli count was 2.77x1b+ 6.41x10. The highest
meanE. coli count was observed for WAL (1.63 +0.856). Samfstem BHA1 and BHA2 did not
record any counts. The recorded values of totalfaadal coliform, andE. coliin these water
source measured against the zero maximum contatriaazt (MCL) recommended by USEPA

and WHO, is an indication of a possible presendsotfi human and animal faecal waste in these
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water sources. Although primarily non-pathogerhejitpresence refers to the presence of disease-
causing organisms. They reach natural waters mainlyng rainfall, through runoff from
agricultural and urban lands as well as througimdge (Medemat al.,2003). Total and faecal
coliforms as indicators of previous and new faquallution, are often used as indicators of
microbial water quality (Romprét al.,2002). Total coliform is used as a parameter giliagic

information on microbiological quality of surfaceaters (WHO, 2008).

Drinking water storage strategies in various-homgégences the microbial activities as this can
be seen from the mean microbial count of the wstiered in coolers and that stored in plastic
buckets. High mean microbial count recorded frontewastored in plastic buckets might be
attributed to its openness or exposure to the snding environment. Exchange of matter between
in and outside of plastic buckets affect both theddgical and chemical oxygen which hence
shoots the biological activities up (Geldreich, @p9Vater stored in coolers had recorded values
of moderate mean around that of the source whig/htiie as a result of low or equal microbial
activities comparably. Safety of water stored inlees over plastic buckets played a factor role in

the final mean microbial count (Ley. al.,2008).
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

This study presented the biological and physicoct@nparameters (total coliform, faecal
coliform, E. coli, pH, temperature, turbidity, conductivity, alkalyithardness of water, amount
of oxygen) of water samples from the hand-dug vaeil$ bereholes located in Aboabo and Pataase

in the Jacobu traditional area.

Most of the physicochemical parameters were foumdbé within the permissible range
recommended by the WHO. However pH values werbeeitiw the recommended range set by

the WHO whilst turbidity for WAL was above the WHi@it.

Water from hand-dug wells were contaminated witkall coliforms, faecal coliforms as well as
E. colirevealing statistically significant differences (p801) between the observed counts for
water from the various sources. This indicatesweder from all the hand-dug wells in the study

communities are not wholesome for and must beddela¢fore drinking.

6.2 Recommendation
On the basis of the findings of this study it isaemended that:
i.  Intensification of education and implementatiorredulations on safe drinking water by
the Ghana Standards Board, the Ghana EPA ancttiatiironmental units and other state
enforcements agencies will go a long way to redncielences of water pollution and the

associated water borne diseases.
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The inhabitants of these two communities (Aboabd Batase) must be encouraged to
adopt and practices of small scale treatment oémgtch as boiling and filtration methods
to improve the wholesomeness of their drinking wate

Further research on other communities within tloeda traditional area for the assessment
of the quality of drinking water is required as éés/ of contaminants may vary due to

different soil types, water chemistry and differanoman activities.
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ANOVA TABLES FOR PHYSICOCHEMICAL PARAMETERS

APPENDICES

Parameter

Table Analyzed Ca?*
One-way analysis of variance
P value < 0.0001
P value summary ik
Are means signif. different? (P < 0.05) Yes
Number of groups 7
F 197
R square 0:98
ANOVA Table &S df MS
Treatment (between columns) #51" I 125
Residual (within columns) 18 28 0.63
Total 768 34

Parameter
Table Analyzed Cl-
One-way analysis of variance
P value 0.0003
P value summary js
Are means signif. different? (P <
0.05) Yes
Number of groups 7
F 6.4
R square 0.58
ANOVA Table SS df MS
Treatment (between columns) 114 6 19
Residual (within columns) 84 28 3.0
Total 198 34
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Parameter

Table Analyzed NO3z
One-way analysis of variance
P value 0.1750
P value summary ns
Are means signif. different? (P <
0.05) No
Number of groups 7
F 1.6
R square 0.26
ANOVA Table SS df MS
Treatment (between columns) (@37 3 6 0.061
Residual (within columns) rogr 23 0.037
Total 1.4 34
Parameter
Table Analyzed Fe
One-way analysis of variance
P value 0.5245
P value summary ns
Are means signif. different? (P <
0.05) No
Number of groups 7
F 0.88
R square 0.16
ANOVA Table —— df MS
Treatment (between columns) 015 6 0.024
Residual (within columns) 0.78 28 0.028
Total 0.93 34
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Parameter

Table Analyzed F
One-way analysis of variance
P value < 0.0001
P value summary bl
Are means signif. different?
(P <0.05) Yes
Number of groups 7
F 155
R square 0.9¢
ANOVA Table 8 Wf MS
Treatment (between
columns) 12 6 1.9
Residual (within columns) 0.35 28 0.012
Total 12 34
Parameter
Table Analyzed SQs2
One-way analysis of
variance
P value < 0.0001
P value summary RO
Are means signif. different?
(P <0.05) Yes
Number of groups 7
F 53
R square 0.92
ANOVA Table SS df MS
Treatment (between
columns) 446 6 74
Residual (within columns) 39 28 1.4
Total 486 34
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Parameter

Table Analyzed NOg4
One-way analysis of variance
P value < 0.0001
P value summary rxk
Are means signif. different?
(P <0.05) Yes
Number of groups 7
F 235
R square 0.98
ANOVA Table 3 df MS
Treatment (between
columns) 255 6 42
Residual (within columns) 5.448as 0.18
Total 260 34
Parameter
Table Analyzed PR
One-way analysis of variance
P value 0.0002
P value summary o
Are means signif. different?
(P <0.05) Yes
Number of groups i
F 6.5
R square 0.58
ANOVA Table SS df MS
Treatment (between
columns) 1.0 6 0.17
Residual (within columns) 0.75 28 0.027
Total 1.8 34
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ANOVA TABLE FOR BIOLOGICAL PARAMETERS

Number of colony forming units

2540000.000

Sum of Squares| df Mean Square |F Sig.
3668005851757 1834002925878
Between Groups 151700.000 2 575870.000 8.008 .001
- 3297800584159 2290289294555
Within Groups | 53550000001 [ 235207000
Total 3664601169335 146
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